1 DESCRI PTI ON Zoom Lens and | mage Pick-up Appar at us
Usi ng Zoom Lens Techni cal Field The present invention
relates to a zoom | ens conpact and adapted for
performng realization of thin structure in a canera
depth direction, which is suitable when used in inmage
pi ck-up optical systemof a digital input/output
equi prent such as digital still canera or video
canera, etc., and an | ]gt - up apparatus using
such a zoom | ens. Thi§ﬂ§§§$l nclainms priority of
Japanese Patent Application No. 2004-077213, filed on
Zodvaiamsland Eﬂﬁ%e PidkeueAtppaeitus Ofsing) Zobnt Eehsicor por at ed

by reference herein. Background Art . In recent years,
i mage pi ck-up apparatuses using solid-state image
pi ck-up device such as digital still canera, etc. are

bei ng popul ari zed. Wth popul arization of such
Tectigial &hieldti || canmera, realization of higher picture
quality is required. Particularly, in digital still

onotisgr Honr g renBRaRtRa ool Efisdiom et and papted for

formation performance, particularly zoom | enses, o
perfdrinthg ceajptation of tlsial strrcdirzt 1 & wageera piepkh dpedieom,cehich is
having a | arge nunber of pixels are required. Further,

: r X{ L LAt Ui zation:
st gn 9 G AR Dol BORL B PR B
structure in the canera depth direction is attained
equipmgent such as digital still camera or video camera, etc., and an image
pick-up apparatus using such a zoom lens.
This Application claims priority of Japanese Patent Application No.
2004-077213, filed on March 17, 2004, the entirety of which is incorporated

by reference herein.

Background Art

In recent years, image pick-up apparatuses using solid-state image
pick-up device such as digital still camera, etc. are being popularized. With
popularization of such digital still camera, realization of higher picture quality
is required. Particularly, in digital still camera having a large number of pixels,
etc., photographing (imaging) lenses excellent in image formation
performance, particularly zoom lenses, which comply with solid-state image

pick-up device having a large number of pixels are required. Further, there




requi red. For exanple, as a zoomlens which is conpact
and is excellent in inmage formation perfornmance,
there conventionally exists,a three group zoom |ens
consi sting of a negative first lens group, a positive
second lens group and a positive third I ens group in
order fromthe object side as described in the
Japanese Patent Application Laid Open No. 2002-350726

ublication n the opti.cal systemdisclosed in this,.
alsiptSdrmants [ itfaRleHERopRd Bariat s Erehses b hich

thickness is limt as thickness in the canera depth
realizath®i igfhtlah $thectbiamen ohe sambiandebt rditecsiont 3ahtthined are

cannot be said that mniaturization in the canera

depth direction is sufficient. On the other hand,

Teqpyy fje is known a zoomlens in which prismis inserted
bet ween | enses to thereby bend or fold the optical
systkon sxarhpR{ asna oahwlezatwliohiis domepagit amblis @xtsllent in
di rection has been further pronoted. For exanple, as

....described in the Japapese Patent lication Laid en
i Topfn Briot RS coft Sliondi &Rl S hosf oy 2om
bent or folded by using prism wthin four group zoom
lens eonsisiing ofilh megatiemfosnkinstgrogp.od pesipivei secord fémssgroup and
| ens group, a negative second | ens group, a positive
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mniaturization in the optical axis direction. In the
JapaptsecBateny dpphicdtien lidid dOpen Na.i2G02p3607 2@ pubhcatiomnin the

(optical) gem (front Iens elenent) and reflection
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clen

total thickness is limit as thickness in the camera depth direction at the time of

sinking barrel so that it cannot be said that miniaturization in the camera depth

- direction is sufficient.

On the other hand, there is known a zoom lens in which prism 1s
inserted between lenses to thereby bend or fold the optical system so that
miniaturization in the optical axis direction has been further promoted. For
example, as described in the Japanese Patent Application Laid Open No.
1996-248318 publication, the optical axis is bent or folded by using prism
within four group zoom lens optical system consisting of a positive first lens
group,r a negative second lens group, a positive third lens group and a positive
fourth lens group in order from the object side to thereby realize

miniaturization in the optical axis direction. In the optical system described in




Problens to be solved by the invention An object of
the present invention is to provide a novel zoom | ens
whi ch can sol ve problens that conventional zoom | enses
have, and an i mage pick-up apparatus using such a
zoom | ens. Anot her object of the present invention is
to provide a zoom | ens conpact and adapted for
attaining realization of thin structure in canera
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apparatus using such a zoomlens. The zoom | ens ‘
mentheo At feyge oo that mimdsmizationannobsuffieagti ses, in order
froman object side, a first group including a
reflection nmenber for bending or folding the optical
axi s and havi ng negative refractive power, a second
_group having negative refractive power, and a |ight
Disglesure oy thelinventiont menber fixed during magnification
changi ng or adjustnent operation and serving to '

Pro%%rﬂE?j? h[agpgvetgh@nfﬂet%‘,e Lgover, the zoom | ens

accor present nvention conprises, in

order froman object side, a first group including a

r ef | Astobjectnehthe present Bavientiqn oy t@ qiravids & moveptzoea lens
axi s and havi ng negative refractive power, a 4 second
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Ing positive refractive power, an ourth group
. having positive refractive power, wherein a |ight
pickusneppayatagjusigeieh geeemrlensr adj usting i ght
quantity is fixed during magnification changing or

adj ushomel dhpedtabf Me pBert MeenRbA KsUWe PRAABAId'Foom lens
according to"the present invention is
compact and adapted for attaining realization of thin structure in camera depth
~direction which is used in video camera or digital still camera, etc., and an
image pick-up apparams using such a zoom lens.

The zoom lens according to the present invention comprises, in order
from an object side, a first group including a reflection member for bending or
folding the optical axis and having negative refractive power, a second group
having negative refractive power, and a light quantity adjustment member
fixed during magnification changing or adjustment operation and serving to
adjust light quantity. |

Moreover, the zoom lens according to the present invention comprises,

in order from an object side, a first group including a reflection member for

bending or folding the optical axis and having negative refractive power, a




directed to an i nage pick-up apparatus conprising a
zoom |l ens, and an inage pick-up device for converting
an optical image forned by 4 he zoomlens into an

el ectric signal, wherein there is used, as a zoom | ens
used in the image pick-up apparatus, a zoom | ens
conprising, in order froman object side, a first
group including a reflection menmber for bending or

fodin fjcC nd. hav n ti.v . "
seopdy 2 bRy B0 el ARG Bblthayine positive
refracti ve power, and a I|i ght guantity adjustnment
refreetibe poviex echdoal fcbumyh gragm hbviogtpasitivhesfraoty egrower, wherein
adj ust nent operation and serving to adjust |ight
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menber for bending or folding the optical axis and
magaticagomehangng orefdjastiriond opevation. a second group
havi ng negative refractive power, a third group
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havi'ng posrtitve r i Ve power, ere
quantity adjustnent menber for adjusting Irght

diregteahta a1y innsgé pxadupappatatos gaiprising soohaleisngndman image
adj ust ment operation. In the zoomlens according to
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mai nt ai ni n? hi gh  magnificati on changeabl e ratio and
an elieghicpbignalewherstin thereaitdusethras i zoomplloyeased ha the image
so-called mnus | ead configuration in which the first

piclél g %@5’4‘?%5' &@20or! H?%oﬂ?fn i SR obdern %}5& '21%9@15 'e¥fes de, a

I've power. nt gem ront o t| ca
eI enent) .and the reflection nenber can be reduced. In
firsegenun sicludingne aetlpetion ghembeiy PynGiBR R feldmaEeptical
for adjusting light quantity is fixed

. axis and having negative refractive power, a second group having negative
refractive power, and a light quantity adjustment member fixed during
- magnification changing or adjustment operation and serving to adjust light
quantity, or a zoom lens comprising, in order from an object side, a first group
including a reflection member for bending or folding the optical axis and
" having negative refractive power, a second group having negative refractive
power, a third group having positive refractive power, and a fourth group
having positive refractive power, wherein a light quantity adjustment member
for adjusting light quantity is fixed during magnification changing or
“adjustment operation. |

In the zoom lens according to the present invention, the length in the




during zoom ng operation, mrror cylindrica
configuration can becone conpact. In the zoom |l ens of
the present invention, thegl ength in the incident
optical axis direction can be greatly reduced while
mai nt ai ni ng high nmagnification changeable ratio and
hi gh picture quality, and the optical front gem and
the reflection nenber can be reduced by the m nus | ead
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fixed during zoom ng operation, the mrror

magnification chhngentie gati@bn® higtapidheeoymlityqattherd is ¢thployed
I mage pi ck-up apparatus of the present invention,
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zoom | ens systemis reduced so that the front gem
grodpsnet enusahdot ever abpative oefractine porvar. Hhusedue dthnt gem
and the mrror cylindrical configuration can becone
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realized. 6 The present invention is applied, thereby
sinaesthie dight quantity sdjestmernttmeinber fompadjvuetmesn tighhqhamtiy is fixed
formati on performance and m niaturization of zoom
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and practical nerits obtained by the present
conmpagénti on will becone nore apparent fromthe
enbodi ments which will be given below with reference

10 178h8ARHN98hs BF M P¥Ssent invention, the length in the incident
optical axis direction can be greatly reduced while maintaining high
‘magnification changeable ratio and high picture quality, and the optical front
gem and the reflection member can be reduced by the minus lead
configuration. Moreover, since the light quantity adjustment member for
adjusting light quantity is fixed during zooming operation, the mirror
cylindrical configuration can become compact.

In the image pick-up apparatus of the present invention, image
formation performance is improved, and the length in the incident optical axis
direction of the zoom lens system is reduced so that the front gem diameter
and the reflection member can be reduced, and the mirror cylindrical
| configuration can become compact. Accordingly, compact configuration and

thin structure of the image pick-up apparatus can be realized.




"Brief Description of the Drawings FIG 1 is a lens
configuration diagramof a first enbodi nent of a zoom
l ens to which the present igwention is applied. FIG 2
is a lens configuration diagram of a second enbodi nment
of a zoomlens to which the present invention is
applied. FIG 3 is a lens configuration diagramof a
third enbodi nrent of a zoomlens to which the present
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whi ch the present invention is applied. FIG5 is a

improesmshbiin nmagar formmtianepedbimascetnd mirtiafuwtzatiohemyzbom
(di stance) end of the embodinment 1 of the zoomlens to

lend it i DR B0 on SR sdie®Bid it or redt ate § ocal

| ength of the enbodinent 1 of the zoomlens to which
t he Spilbdarther rohgedts ool ithe pppéntethveRtiGn, anids peacticalv merits
showi ng various aberrations at |ong focal |ength end

obt@hell NG efﬁ%og:'r : ott 1'11V8I1t16ﬁevﬁlg H%’:Jf(%ﬁ@ ﬁl%rg\’hé\ﬁi%ré € from the

resen nv nis appl show n
var| ous aberrations at short focal ngth end of the
embodiotinte ivhzhowillhbe zgivienl balow owvﬂm cc ermept@stéﬂt attached
~invention is applied. FIG 9 is a view show ng
us aberrations at internediate focal |ength of
dra%ﬁ{eésgnbodl ment 2 of the zoomlens to which the present
invention is

Brief Description of the Drawings

FIG. 1 is a lens configuration diagram of a first embodiment of a zoom
lens to which the present invention is applied.

FIG. 2 is a lens configuration diagram of a second embodiment of a
zoom lens to which the present invention is applied.

FIG. 3 is a lens configuration diagram of a third embodiment of a
zoom lens to which the present invention is applied.

FIG. 4 is a lens configuration diagram of a fourth embodiment of a
| zoom lens to which the present invention is applied.

FIG. 5 is a view showing various aberrations at short focal length
(distance) end of the embodiment 1 of the zoom lens to which the present
invention is applied.

FIG. 6 is a view showing various aberrations at intermediate focal




applied. FIG 10 is a view showi ng various aberrations
at long focal length end of the enbodinment 2 of the
zoom lens to which the present invention is applied.
FIG 11 is a view show ng various aberrations at short
focal length end of the enbodinent 3 of the zoom |l ens
to which the present invention is applied. FIG 12 is
a view showi ng various aberrations at internediate
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vi ew showi ng various aberrations at |long focal |ength
appéred. 8 of the enbodi nent 3 of the zoomlens to which
the present invention is applied. FIG14 is a view
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present invention is applied. FIG 15 is a view
of tteowimntgpdimentds odther anomnkenat to mthachethie apreséntc &ivention is -
| ength of the enbodinent 3 of the zoomlens to which
apptl q present invention is applied. FIG 16 is a view
show ng various aberrations at |ong focal |ength end
of the enbodi nent 3 of the zoomlens to which the
pr eddft 8 iseevitemoshdwingapativesiaberrations at short focal Jength end

of the embodiment 2 of the zoom lens to which the present invention is
applied.

FIG. 9 is a view showing various aberrations at intermediate focal
.length of the embodiment 2 of the zoom lens to which the present invention is
applied.

FIG. 10 is a view showing various aberrations at long focal length end
of the embodiment 2 of the zoom lens to which the present invention is
applied.

FIG. 11 is a view showing various aberrations at short focal length end
of the embodiment 3 of the zoom lens to which the present invention is
“applied.

FIG. 12 is a view showing various aberrations at intermediate focal
length of the embodiment 3 of the zoom lens to which the present invention is
applied.

F1G. 13 is a view showing various aberrations at long focal length end




FIG 17 is a view show ng outline of the configuration
of the present invention. FIG 18 is a bl ock diagram
of an inmage pick-up apparatgus to which the present

invention is applied. Best Mdde for Carrying Qut the
I nvention The first to fourth enbodi nents of a zoom

| ens of the present invention will now be expl ai ned
vvith reference to FIGS. 1 to 4. FIGS. 1 to 4 are Iens

Lquratio rans r ectiv orres ondln
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fourth 9 enbodi nents, and show I ens arrangenents at

appliede- angl e end state (a) and tel escopic end state (b)
by optical cross section. Arrows nj (j =1, 2, ) in
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etc. at zoom ng operation fromw de-angle end state
of (@) etnbodahest Gpbf thadzaimt keng bp. whidele aierpresent invention is
respecti ve | ens configuration diagranms, plane to
a mch ri =1, 2, ) is attachedisthei-th pl ane
PP g count ed fromthe object surface side. Further,
in respective lens configuration diagrans, |
i ndiféat 4§ ismagrewushaeimgot ariowy ebairaienp aﬁémﬁecm;edimfocal
i ndi cates cover glass of the inage pick-up device, and

en ot SN, B8R b s 5RO A

first enbodiment is conposed, in order fromthe object
applede, a negative first lens group GRI, a negative
second lens group GR2, a positive third |l ens
FIG. 16 is a view showing various aberrations at long focal length end
of the embodiment 3 of the zoom lens to which the present invention is
apphied.
FIG 17 is a view showing outline of the configuration of the present
invention.

FIG. 18 is a block diagram of an image pick-up apparatus to which the

present invention is applied.

Best Mode for Carrying Out the Invention

The first to fourth embodiments of a zoom lens of the present
invention will now be explained with reference to FIGS. 1 to 4.

FIGS. 1 to 4 are lens configurations diagrams respectively

corresponding to the zoom lens systems constituting these first to fourth




group GR3, a light quantity adjustnent nmenber ST1, and
a positive fourth |ens group GR4. The first lens
group GR1 is conposed of agnegative |ens, and a
rectangul ar prismfor bending or folding the optica
axis by 40. The second lens group GR2 is conposed of
a negative | ens having non-spherical surface at the

i mge surface side thereof, and a positive lens. The

et RSP, L GOBE 0B G Sl T8 and
thereof, a connection lens of the positive lens and a

telepagst ievd dtetes(b) 1y aptical @oss téotiorl. endrrolendjqt b, Deng in
group GR4 is conprised of positive lens having
herical surface at thglﬂ)gb' ect si

resrhofiBART (Mg ilioR Gallans b OGS LR, FRavemaers of

group GR4, there are fixed an iris for adjusting
the j-tly nsoganpi (GR ) actiDaf zddraing aperatiohifodnn widenangly end state
adj ust rent nmenber ST1 such as liquid crystal, etc.
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Moreover, the third |ens group GR3 includes an
diagrpast pland torivthiol nir€ioed, 3T2-¥ or attached ixgtheapér plare when
di anmeter at the side closest to the object. The

rt [ g t ] SEZ.i s eqyj r .
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| ate, etc. is used for this purpose. In performng
Conlgrggmt'fdnc didgnamshdngdivgtesr imageisurfane ofpienagd pick-nprdevice,
the wi de-angle end state shown in (a) of FIG 1 to the
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side thereafter to take a U-turn toward the object

passfilfer. and the third

As shown in the lens configuration diagram of FIG. 1, the zoom lens
of the first embodiment ts composed, in order from the object side, a negative
first lens group GR1, a negative second lens group GR2, a positive third lens
group GR3, a light quantity adjustment member ST1, and a positive fourth
lens group GR4.

The first lens group GR1 is composed of a negative lens, and a
rectangular prism for bending or folding the optical axis by 90°. The second |
lens group GR2 is composed of a negative lens having non-spherical surface
~at the image surface side thereof, and a positive lens. The third lens group
GR3 is composed of a positive lens having non—spherical surfaces at both

surface sides thereof, a connection lens of the positive lens and a negative lens,




| ens group GR3 noves towards the object side and the
fourth lens group GR4 slightly noves toward the inage
surface side. Mreover, acjyal arrangenment in the
shortest focal length state of the zoomlens system
of the first enmbodinment is shown in FIG 17. Wile the
configuration of the reflection nenber is
schematically indicated as parallel flat plate in the

and g pRifBR IS S8 BBt BB Slo R s RAIB A, Fidtigve tens
shown in FIG 17. Here, in FIG 17, 11 TL indicates

havagooheiphiepiysl emfaiSat e odjes sidelthetdofn Betrwaee thé third
t he perpendicul ar prismPR, and SR indicates inmge

tenLgfm RS A e By 4P oY IR Wit itE dired, g s for
of second and third enbodi nents which will be

adjcemgr Ii@ladqh@itﬁ?@ a Dt fiker, anldsa light quaatinoadjusensent member
system of the fourth enbodinment, a reflection mrror M

having .refl ection surface RS.is dispgsed, at the
STYGR P8 EbehdifondRE foapiop o HERRES ¢ axblp SR ) gnd

shown in the | ens configuration diagramof FIG 2, the
the Imwmpdse fiterdi.PF hee femdnat zodmitignepératisnc oiytoseder,ithe third

order fromthe object side, of a negative first |ens
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adj ust ment nmenber ST1, and a positive fourth lens
apegureu plidERdter Tatethel sisle tlosestgtoodipe @Rijedts ddwpeperdursf limiting
negative |l ens, and a perpendicular prismPR for

. | di . . 0 )
merdBRRA, 5o B eledf 180k R fe diprittefc et DBepel ieht
havi ng non-spheri cal

shielding plate, etc. is used for this purpose.

In performing magnification changing or adjustment operation from
the wide-angle end state shown in (a) of FIG. 1 to the telescopic end state
shown in (b) of FIG. 1, the second lens group GR2 moves toward the image
surface side thereafter to take a ﬁ—turn toward the object side, and the third
lens group GR3 moves towards the object side and the fourth lens group GR4
slightly moves toward the image surface side.

Moreover, actual arrangement in the shortest focal length state of the
zoom lens system of the first embodiment is shown in FIG. 17. While the
configuration of the reflection member is schematically indicated as parallel
flat plate in the lens configuration diagram of FIG. 1, perpendicular prism PR

is disposed as an actual configuration as shown in FIG. 17. Here, in FIG. 17,




surface at the image side thereof, and a positive
l ens. The third lens group GR3 is conposed of a
positive | ens having non-spperical surfaces at both
surface sides thereof, and a connection | ens of the
positive lens and a negative lens. The fourth |ens
group GR4 is conprised of plastic positive | ens having
non- spheri cal surfaces at both surface sides thereof.
Between the third lens gLup and the.fourth |en

TL iR o0 a Et e, c SRS p ek hiiog 200 the
light quantity, a ND filter and a |light quantity

perg@ﬁdisﬁlﬁﬁlpﬁsrfemranﬂ'r SRsindhcass irhage pitkcny slewiice. etle is to be
he positions of the first |ens group and the | ow
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aperture limting nenber ST2 for limting aperture
secohdand ehirdtenibmlisicdes vhadesitlithe ddseribbgl éater. Therther, also in
aperture limting menber ST2 is only required to

Limt,aperture di.anmgter. Far exanple 4 ght . .
the g 1SR 5YM5hE o8 L R ehfiodPhEP {pRelib Hhiseor Mphaving

perform ng magni fication changi ng or adj ust nent
reflegtésrasiidacd RSnis dispmosed de the pbsitiencdfsthatpersdmslaonlan pfiajn PR

of FIG2 to the telescopic end state shown in (b) of
mﬁk,;flz the second | ens group GR2 noves toward the

i'mageé” surface side thereafter to take a U-turn toward

the object side, and the third |ens group GR3 noves

t owaksishawe inthe dens coefiguationedibgran fof] 2grthezocm lens

slightly noves towards the i mage surface side. The
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group, GRI, a negative second |lens group GR2, a .
-negpuse tlirgelensi greup nB 1gmowggative, segond dows greun GR2, a positive
adj ust nrent nenber
.third lens group GR3, a light quantity adjustment member ST1, and a positive
fourth lens group GR4.

The first lens group GR1 is composed of a negative lens, and a
perpendicular prism PR for bending or folding the optical axis by 90°. The
second lens group GR2 is composed of a negative lens having non-spherical
surface at the image side thereof, and a positive lens. The third lens group
GR3 is composed of a positive lens having non-spherical surfaces at both
surface sides thereof, and a connection lens of the positive lens and a negative
lens. The fourth lens group GR4 is comprised of plastic positive lens having

non-spherical surfaces at both surface sides thereof. Between the third lens

group GR3 and the fourth lens group GR4, there are fixed an iris for adjusting




ST1, and a positive fourth |l ens group GR4. The first
| ens group GR1 is conposed of a negative lens, and a
per pendi cul ar prism PR for;®ending or folding the
optical axis by 90. The second |lens group GR2 is
conposed of a plastic negative | ens having
non-spherical surfaces at both surface sides thereof,
and a posrtlve lens. The 13 third | ens group GR3 is

d 2 osrt comnnect | ens
lighi GERRTGe A RCARAT e Hdigtf Wpanfinr E0S e topBlRy 81 (ieh as
positive | ens having non-spherical surfaces at both
ligqudrcipstel, stdesThégosivions Diehd usttlbnd groupnGRipandsRe losv pass
conpri sed of plastic positive | ens having

her i urfaces at _both surf he f.
filtglol FEEAR 150k PREinBe Ao Ging e o FhuBrtiy e HERL tens
group GR4 there are fixed an iris for adjusting |ight
‘grogpaBRBt i,n.clt&idﬁDui iapegore liamding iegtier SR tfor Yimiting aperture
adj ust ment nmenber ST1 such as liquid crystal, etc. The
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~ Moreover, the third lens group GR3 includes an
s @ape rrequnsedi ito ity apentiwer d@figctenr Fomexampleaelight shielding
di aneter at the side <closest to the object. The

platl%pgfc fg{,g gdﬂtﬂeﬁﬂjéﬁggpeer ST2 is only required to

e aper rarmeter. For exanple, |ight
shielding plate, etc. is used for this purpose. In
per florper gningigpifidationcehanging ar adjupwaenteoperation from
operation from the w de-angle end state shown in (a)

the g{ri&'él-a%%?ﬁte?ldt Hetd ShERRCH gag ngé}aﬁeto ﬁ{boweécjﬁbtpg@)enﬂf state

e second lens gr noves towar
i mage surface side thereafter to take a U-turn toward
shotv\melrbﬂy)e@f FiGd2, tl‘@m@jacpnd lens group GR2 moves toward the image

surface side thereafter to take a U-turn toward the object side, and the third
lens group GR3 moves towards the object side end the fourth lens group GR4
slightly moves towards the image surface side.

The zoom lens of the third embodiment is composed, in order from
the object side, a negative first lens group GR1, a negative second lens group

GR2, a positive third lens group GR3, a light quantity adjustment member

. ST, and a positive fourth lens group GR4.

The first lens group GR1 is composed of a negative lens, and a
perpendicular prism PR for bending or folding the optical axis by 90°. The
second lens group GR2 is composed of a plastic negative lens having

non-spherical surfaces at both surface sides thereof, and a positive lens. The




| ens group GR3 noves toward the object side and the
fourth lens group GR4 noves toward the i nmage surface
side thereafter to take a Ysturn toward the object
side. The zoom lens of the fourth enbodinment is
conposed, in order from 14 the object side, a negative
first lens group GRI, a negative second | ens group

, a positive third lens group GR3, a |light quantity

GR2

. adj ust nent er ST1, .and a positive fourth.lens
thirg, i 80 Gl 1t Frubopesh OF Gt aadents a st dfns of the

negative lens, and a reflection mrror Mfor bending
positivd Olefls ngnd he apphtivd lexbs dd %0'plasiie pestioadldnenbaving

group GR2 is conposed of a negative | ens having

norgepetibepERes Ak bt Shetn et BREcTtor ol Bt 1R broup

conposed of a positive | ens having non-spheri cal
GRguisf seeprised diophistivrgasitves ileies hhhigrpe abn-spherivalestifaces at
| ens of the positive lens and a negative |lens, and a

ot Ry FidS Wbt o At e B FHEN P &1t GRECHER] Upren

surface sides thereof Between the third |ens group
lenSRBowNGR4A) ehérevart Hiteehan giofo ddidstinghBght quantity a & didter,
iris for adjusting light quantity~ a ND filter, and a

o BB YR RLTER ST Ty B Bobod e

GRI and the low pass filter LPF are fixed durin&J
postioes of the fastiémngravpr &R/erandtthe lokw-pdsy Eter Jrliamrerdtsed
i ncludes an aperture limting nenber ST2 for limting

ouE A R, R MR R o) e a
apelrtiurlrietlirtnri]t(ienga plgg;n%rei ST2 for limiting aperture diameter at the side
closest to the object. The aperture limiting member ST2 is only required to
limit the aperture diameter. For example, light shielding plate, etc. is used
for this purpose.

In performing magnification changing or adjustment operation from
the wide-angle end state shown in (a) of FIG. 3 to the teles:copic end state
shown in (b) of FIG. 3, the second lens group GR2 moves toward the image
surface side thereafter to take a U-turn toward the object side, and the third
lens group GR3 moves toward the object side and the fourth lens group GR4
moves toward the image surface side thereafter to take a U-turn toward the
object side.

The zoom lens of the fourth embodiment is composed, in order from




di ameter. For exanple, light shielding plate, etc. is
used for this purpose. In perform ng magnification

changi ng or adjustnent opefjgtion from the w de-angle
end state shown in (a) of FIG 4 to the tel escopic end
state 15 shown in (b) of FIG 4, the second | ens group
GR2 noves toward the inmage surface side thereafter to
take a U-turn toward the object side, and the third

lens.aroup GR3. .0V, war ds .t obhj.ect ..si.d nd.t he
the pBiR B AT TR B8 e R 1o uleuf Bedf i eroup

i mge surface side. At the above-descri bed zoom | enses
GRDf atesifive shirt defiogrotp daRadiankght quantitsr edjustreent meatber

such a configuration to bend or fold the optical axis

b Supst. [ 90 npefl ection nenber to
ST%’%@F‘eaoﬁgi*ﬁgéfM}ﬁ? é?)%’“é@%ﬁy shorten the length in

the incident optical axis direction, and to overlap

opt el firgaldnsograty €R1 |isgbomiposedeofyacnegativeofentsheand a

reflection surface. Accordingly, space can be

cti y - Ni_aturi zatj . €onbN

refl &l Dby MESEF R Sl RARLET o B AT o he

reflection nenber is caused to be position of the )
secdrid kmns| groupgBipisdéappesed af attegasivadens bsesig non-shberical
object, thereby making it possible to attain

surfdbéy Qf Holt Fur e OJidéﬁﬁlérEﬁ?eal{H %k{ob‘ﬁtivéﬁ@g.at ’Tﬁ? 4hi/d9%1ens
zoom | ens. reover, in thé Zoomienses of the Tirst
to fourth enbodi ments, there is enployed the

growp (FRB liscampessd ebd rasifivedens hawingonordspbewiea] suréaces at
first lens group and the second | ens group to have

botm%%ﬂfdg\éesiﬁ% rigkdofe ao‘%ﬁ%?cﬁé}? "ERY  of TR riﬂ)sitive;JQ&% bl a
to reduce the front gem (front optical el'enent

diianeter and the reflection nmenber. . .
negative lens, and a positive lens. The fourth lens group GR4 is comprised

of positive lens having non-spherical surfaces at both surface sides thereof.
Between the third lens group GR3 and the fourth lens group GR4, there are
fixed an iris for adjusting light quantity, a ND filter, and a light quantity
adjustment member ST1 such as liquid crystal, etc. The positions of the first
lens group GR1 and the low-pass filter LPF are fixed during zooming
operation. Moreover, the third lens group GR3 includes an aperture limiting
| member ST2 for limiting aperture diameter at the side closest to the object.
The aperture limiting member ST2 is only required to limit the aperture
diameter. For example, light shielding plate, etc. is used for this purpose.

In performing magniﬁcation changing or adjustment operation from

the wide-angle end state shown in (a) of FIG 4 to the telescopic end state




Further, in the zoom|enses of the first to fourth
enbodi nents, conplicated mrror cylindrica
configuration is not requifed, and realization of 16
conpact configuration and thin structure can be
performed. Further, since the |ight quantity

adj ust nent nenber STl is di sposed between the third
lens group GR3 and the fourth | ens group GR4,

shofChE L of BlGCE G virdolRbe b Kkt Shshuful RltBcie  thage

Si nce perpendi cul ar prismPR is used as the ]
surfaeé |sedé ithoreafteer takepadil+tgri towardatienobiecbsidenandghe third
prismresults in reduced spacing shorter than physi cal

neoof : P . . .
ten§ BRI SRR RO Hrfufhe HEIs ApG HE R fetd deuw OR4
when the reflection mrror is used. For this reason,
slightly rhevegossvartls thoimagasurfag sidal | y equi val ent
configuration by nore conpact space. Then, the
coPAt OB RS hLalliRd AR 1SS SIAL Ok dofvolih SRBAYiments,
S nus - m nus us, or the zoom
Iens systemb inning wwth mnus-mnus as in the
therfei tssempdoyfesu smna:l enbodiigenationwid bend arxfsildithedoptiaal jaxis by

to be noted that while if respective conditions

sub H{iﬁl b&{ P r&ﬂ‘@ctﬁﬁ% Fl‘fé{f%&t o BlefeiiP % a ?IISI%/‘{& greatly

ense ves I S POSSI a taln |ons
corresponding thereto, it is a matter of course that a
shorfentibe leigthdatthe iycidgnioppiieal asandirerioor, and teeerlap optical
desirable from vi ewpoi nts of optical performance

patif it/ je@i ﬁ'g,ﬂ? ‘iﬁ'tﬁ@tﬁ%ﬁngﬁg}‘ftthlet reffecHBh! i, T Accordingly,

satis | ow ng con I onal forrruaor

expreSS|on
space can be effectively used and miniaturization can be made. In the

above-described zoom lens, the position of the reflection member is caused to
- be position of the first lens ;group disposed at the side closest fo the object,
thereby making it possible to attain miniaturization of the image pick-up
apparatus ﬁsing zoom lens.

Moreover, in the zoom lenses of the first to fourth embodiments, there
is employed the so-called minus lead configuration for allowing the first lens
- group and the second lens group to have negative refractive power, thereby
making it possible to reduce the front gem (front optical element) diameter
and the reflection member.

Further, in the zoom lenses of the first to fourth embodiments,

complicated mirror cylindrical configuration is not required, and realization of




0.1 < Ifl/f2] <1.2 (1) 17 In the above formula, fl:
focal length of the first lens group f2: focal length
of the second | ens group Thg conditional formula (1)
is a conditional forrmula for prescribing focal |ength
rati o between the first lens group and the second |ens
group. Wen the focal length ratio becones equal to
lower limt of the conditional fornmula (1) or |ess,

B L I e T e

difficult. Wien the focal Ilength ratio exceeds the
the Upggherquantity adjustinent areabéro®El if aispdsad (befweedn ¢hd doad lens
| ength of the first group is elongated, |leading to

eroB RS Arigateo Tobtf ofsud “Bond EFLinirifeation gem be most

l ength of the second |ens group becones short. As a
effectivelyt att@inedntricity sensitivity of the second |ens
group is also increased. Moreover, it Is desirable to

S0 MRt NS0l | AL GO YAl iof G e SaimdRts, since

he above
spaC|cgtfron1the pl ane at the S|de closest to the
perpensdjeulat priem |[RRsigruned e the mwiiceton sibemberonspaceng in
reflection nmenber at wi de-angle end state up to plane

AL FEFL YL RO, g e i
w de-angl e end state

spacing of ordinary air spacing in accordance with refractive index of medium

as compared to the time when the reflection mirror is used. For this reason, it

is possible to attain optically equivalent configuration by more compact space.

Then, the condition desirable to be satisfactory in the zoom lens
system of minus'minus-plus-plus, or the zoom lens system beginning with
minus-minus as in the first to fourth embodiments Will be explained.

It is to be noted that while if respective conditions explained below
can be respectively satisfied by themselves, it is possible to attain
actions/effects corresponding thereto, it is a matter of course that a method of
satisfying plural conditions is more desirable from viewpoints of optical
performance and/or miniaturization, etc.

It is desirable to satisfy the following conditional formula or

expression.

0.1 <[f/R2]< 1.2 (1)




The conditional fornula (2) is a conditional fornmula
for prescribing spacing fromthe plane at the side
closest to the inmage of the;lens group of the object
side fromthe reflection nmenber up to the plane at the
side closest to the object of the second | ens group.
When the spacing fromthe plane at the side closest
to the inmage of the |lens group of the object side from
the, reflectien nber to the plane at the side
clogﬁgﬁé?ﬁoY%gmgﬁﬁgtt of the second |ens group
becones equal to lower Iimt of the conditiona

f or fild fochP)engith b slss firstdgat gnomppower of the group
before the reflection nmenber becones too strong.

ai 1 1fitel Rt RaRls ShEIEheerdRT L2 o) cat ron

menber is small, and it also becones difficult to .
arr a‘ﬂ@eccbrtcﬁtiona]f feotulan(1yesteconditionak fotrela faanprescribing
when t he above nentioned spacing is above the upper

'focgdi f%n%ﬂ? rafif ebect%ght ﬂh%nﬁ}st 1%@%?]1% 2dnd E@% %tegéﬁ?d REYEsroup.

group”betrore the re eCcones
meak | eading to increase of the front gem di aneter
* Whandhe Hecalelength ratmo fenbmes eTuak to doweadimit oft therconditional
“beconmes difficult. Mreover, in connectlon with the

o [BLSRIGENIA 6 AT AL ks ftos{ e, ps o

reflection nenber for_ bending or foldlng t he optlca
resudki eorviation of idasteridon lebagatiguthaeomes difficaldsiWWhen dhe Jocal
use nitric material having hlgh refractive index. It

len%tgl ﬁﬁ%‘ é)&:léleas th& %ggt;: ?foT Qﬁl %ﬁiﬁ&?&l foPmbld (P, the focal

I'S nore e refractive 7T ndex
or nore. 19 V\hen the refractivye index o

IS 1 t
lengghi @fﬁhes first7grun és slongstedi lsadingntq #ncrease m the front gem

diameter. Thus, miniaturization becomes difficult, and the focal length of the
- second lens group becomes short. As a result, eccentricity sensitivity of the
second lens group is also increased.

Moreover, it is desirable to satisfy the following conditional formula
(2).

1.6 <D12w/fw <5 - (2)

In the above formula,

D12w: spacing from the plane at the side closest to the image of the
lens group of the object side from the reflection member at wide-angle end
state up to plane at the side closest to the object of the second lens group,

fw: focal length of the entire system at wide-angle end state.




conpact configuration would becone small. Moreover,
when the refractive index of the prismis 1.7 or

more, the reflection condifgon becones close to the
total reflection condition so that |ight quantity |oss
is reduced. This is preferable. Further, when the
refractive index of the prismis 1.8 or nore, it is
possible to further reduce light quantity | oss. The

con;(gl% @i&lﬁﬁna g(ﬁrgne ‘gé oam.| te?g% ?% fhﬂ?ln ‘?ﬁguf& for epﬁescnbmg

invention is applied will be explained in nore
spacingdiremetheqlanc by tHeadide glazestol the infagewfithe deaproupnol the
aberration diagrans, etc. The enmbodinents 1 to 4

o A2 P g AR e b SERSELAGh ARG o

embodi nents, and | ens configuration d| agrarrs
the objpect cefrthie m;cbhd lens groum Whent the esplaotligrfons tiis ekane at the
FIGS. 1 to 4) respectively show Iens configurations

L T SO e T

curvature of radius (mm) of the i-th plane when
reflediont seenibemtat tie plapeat the dide cliisesti to=the, olfiect) of the second
indicates the i-th axial spacing (mm V\,hen count ed

lens £ R¥Eont) Gl o MiweElinit bt e uprtiadeg PR £ o tss,

optical el enent vvhen counted fromthe object side, and
neggfive ppwer of tire groufi befoes thabisleatiohenembehbeespes toa strong.
the dline of the i-th optical elenent 20 when counted

a3<| g Egtg%tgi%urt;gﬁ%tg%&‘?ab%ﬁﬁﬁﬁﬂ ?J\’/ gﬂﬂ%ﬁ&%@i@%ﬂqhi & ABLA; space
of the reflection member is small, and it also becomes difficult to arrange the
reflection member. On the other hand, when the above mentioned spacing is
above the upper limit of the conditional formula (2), negative power of the
group before the reflection member becomes weak, leading to increase of the
front gem diameter and the reflection member. Thus, miniaturization becomes
difficult.

Moreover, in connection with the configuration of the first group of
the first to third embodiments, in the case where prism is used as reflection
member for bending or folding the optical axis within the zoom lens system, it
is desirable to use nitric material having high refractive index. It is desirable

that the refractive index is 1.7 or more. It is more desirable that the refractive

mndex 1s 1.8 or more.




attached indicates variabl e spacing at w de-angle end
state (short focal length end, W - mddle
(intermediate focal |engthygnd, M - telescopic end
state (long focal length end, T) in zoom ng
operation. Moreover, in nunmeric data, FNo. indicates
F nunber, f indicates focal length (nm, and co

i ndicates half picture angl e (), wherein these

| h tl t S
Z‘Z‘r B e Refriert e Bl ot 10 pR% 1y B, cntpiption o
(T). Moreover, in the nuneric data t he pl ane

compadﬂt Q@hé“@watuﬁxﬁ%uldsbedwmb spiudl. i Mareswr] aden trdrdfractive
shape of non-spherical surface is shape represented

mde@?ﬁﬁﬁxﬁ Py R 0P s Rieh e rhIEHRO SaTEHioG bifiomeS el to the

c, ¢ and Al are defined as below. x: distance in the
totad) ptefleetioax cendiitionc o othaft r ight enmnsity flese isursducedoiThis is
: : height in a d| rection perpendicular to the optical

raxi.al guryv . _at .l ens summn .
Prefi‘%%@ec’s"H@ e a9 ShabE RE AL B Brh P ampre, it is
: Respecti ve numsrl c val ues and respective conditional

posiblertd fixterredaed bght quiandity hesscondi tional fornmula (1)
' and the conditional formula (2) of the =zoomlenses

:Egmle: %ﬁﬂ@r@ﬁf}ﬂ St4fi& Sobhf %‘%M%M&& ift the iﬁ‘la@[a Pick-up
lens apparatus to which the present invention is applied will be explained in
more concrete terms by taking examples of numeric data and aberration
diagrams, etc.

The embodiments 1 to 4 mentioned as an example here respectively
correspond to the previously described first to fourth embodiments, and lens
configuration diagrams representing the first to fourth embodiments (see FIGS.
1 to 4) respectively show lens configurations of corresponding embodiments 1
to 4.

In numeric data of respective embodiments, ri (i = 1, 2, =) indicates
curvature of radius (mm) of the i-th plane when counted from the object side,
di i=1, 2, ) indicates the i-th axial spacing (mm) when counted from the
object side, ndi (1 = 1, 2, ) indicates refractive index with respect to d line of

the i-th optical element when counted from the object side, and vdi (i=1, 2,

-+) indicates Abbe number with respect to the d line of the i-th optical element




the followng Table 1. FIGS. 5 and 16 show vari ous
aberrations (spherical aberration, astigmtism and
distortion aberration in oggler fromthe left) of the
enmbodinents | to 4. In the case of the spherica
aberration, ratio with respect to aperture F value is
taken on the ordinate, and defocus is taken on the
abscissa mherein the solid Iine (d) indicates
herlc rra t the d Iine, the broken |ines
Vﬂ“?@ %% ﬂEFmE ®aberration at the line ¢, and
S|ngle dotted lines (g) indicate spherical aberration
at  QMbien@er, lin thdraunesie ditafdhdal geicigedi) sonwhicle (variable) is
ordinate indicates inmge height (mm, the abscissa

atallieq RiGes oBHBle.tPRE R b Miteiels ol Spie [ e dEnern

the i mage surface of neridional. In the case of the
enddiVg) er hiiddle @herinadizng, fochk laeth Raide Mpei td¢dpicreged state
hei ght (mm), and the abscissa indicates distortion %

(longfial 103 enidy B B o PR Bl M@ Reyeh i tpypgeric data,
- enbodinents 1 to 4 satisfy the conditional fornula

FNd¢.lindaoates Renunobel, fiindriatdsoforal der(gzh (mniviraal er indasates half
shown in the respective aberration di agrans,

picth5 ARl ) AREIGHT O BB UG WHhled e AR Mo

focal length (M between the w de-angle end state and
correfpondinp de cegpiective dosaldergthasiates IGW); 211@5 €bpi ¢ end

state (T). <Enbodinment 1> (W - - (T) FNo. = 2.86

= 4M&eovar, 1 the numeric data, the plane indicated at (ASP) is
non-spherical surface, and the shape of non-spherical surface is shape

- represented by the following formula.

[Formula 1]

In the above formula, x, y, ¢, € and Ai are defined as below.

x: distance in the optical axis direction from lens surface summit point
y: height in a direction perpendicular to the optical axis

c: paraxial curvature at lens summit point

£: cone constant




3.69 - 7.02 - 10. 70 w =38.56 - 21.79 - 14.41 d4
=0.880 - 3.827 - 0.880 d8 =12.829- 3.737- 1.724 d16
=1.405- 7.550- 12.510 d17 41.519- 2.630- 2.830 d19
=2.151- 1.040- 0.840 [Curvature of radius] [Axial

spaci ng] [Refractive index] [Abbe nunber] rl =
22.595dl = 0. 650ndl = 1.88300vdl = 40.805 r2 = 8.409d2
= 2.300 r3 = ood3 = 8.900nd2 = 1.84666W2 = 23.785 r4 =
00d4 .= (vari abhejzé 5 =:81.924d5 0.900nd3 = 1.73077vd3
= 40isht pen-spheisal REMKIERt 1 410 r7 = 9. 874V 2.
100nd4 = 1.84666vd4 = 23.785 r8 = 882.961d8 =

( vaRiegpdative2 Bunferic Aphresusiml reéspectivegesitlitiofall @rmulas for

menber
determining the conditional formula (1) and the conditional formula (2) of the
zoom lenses shown in the above-described embodiments 1 to 4 are shown in
ﬁe following Table 1.

FIGS. 5 and 16 shova various aberrations (spherical aberration,
astigmatism and distortion aberration in order from the left) of the
embodiments 1 to 4. In the case of the spherical aberration, ratio with respect
to aperture F value is taken on the ordinate, and defocus is taken on the
abscissa, wherein the solid line (d) indicates spherical aberration at the d line,
the broken lines (c) indicate spherical aberration at the line ¢, and single
dotted lines (g) indicate spherical aberration at g line. In the case of the
astigmatism, the ordinate indicates image height {mm), the abscissa indicates
focus, the solid line (DS) indicates image surface of sagittal, and broken lines
(DM) indicate the image surface of meridional. In the case of the distortion
aberration, the ordinate indicates image height (mm), and the abscissa
indicates distortion %. Here, IMG HT indicates image height (mm).

Also apparent from the Table 1, the zoom lenses of the embodiments 1
to 4 satisfy the conditional formula (1) and the conditional formula (2).

Moreover, as shown in the respective aberration diagrams, respective

“aberrations are corrected in well-balanced manner at wide-angle end state (W),




d10 = 2.200 d5 =1.58313d5 = 59.461 r10 = 51,520 (ASP)
dll= 0.320 rl | =-12.931 (ASP) r12 24.065d12
2.220nd6 = 1.48749vd6 = 709441 r13 -5.047d13
0. 600nd7 = 1.64769vd7 = 33.841 rl1l4 = 4.327d14 = 1.145
ri5 =12.000d15 = 1.411nd8 = 1.48749vd8 = 70.441 r16 =
-14.666d16 = (variable) r 17 = Light quantitydl 7 =

(vari abl e) adjustnment nenber rl18 = -18.906 (ASP) d18

. .= 2..000 pd9, 3 1.77 d9 = 47, 200.,r19 = -9,0 dl19,=
intepyATale) £¢3) Jgdeth’ 10, bEBue o€ IVidesRels et isgand the
r21 =-a d21 0.500 r22 = o- d22 = 0.600 ndl 1 = 1.51680

teleycbhpic end4tdt8Sand AR telasoopivomdsgthter (IOal data of the
6-th plane (r6)] E =1, A4 = -0.154426 x 10 - 2, A6 =
-0, 967007, x 10 -5, 24 A8 =-0.441264 x 10 -5, Al0 =
<EBedRhet 1 1006

(W) ~ (M) ~(T)

FNo.=2.86 ~4.15 ~ 5.17

f= 3.69~7.02~10.70

w= 38.56 ~21.79 ~ 14.41
d4= 0.880 ~3.827 ~ 0.880
d8= 12.829 ~3.737 ~1.724
dlé= 1.405~7.550~12.510
di7= 1.519 ~2.630 ~ 2.830

- d19=2.151 ~ 1.040 ~ 0.840

[Curvature of radius] [Axial spacing] [Refractive index] [Abbe number]

rl =22.595 di=0.650 ndl=1.88300  vdl =40.805
r2 = 8.409 d2=2.300

13 =00 d3=8.900 nd2=1.84666  vd2=23.785
r4 = oo d4 = (variable)

r5=81.924 d5=0900  nd3=173077 vd3=40.501

r6 =4.612 (ASP) d6=1.410
r7=9.874 d7=2.100 nd4 = 1.84666  vd4 =23.785

r8 = 882.961 d8 = (variable)




[ non-spheri cal

A8=0.192625 x 10-5, A10=-0.4§1161 x 10-5

[ non-spheri cal

data of the 10-th plane (r10)]
cl, A4=-0.111861 x 10-2, A6=-0.460219 x 10-4

data of the 11 -th plane (r11)] ci 1,

A4 = -0.540695 x 10 - 3, A6 = 0.292235 x 10 - 5,
A8=-0.817608 x 10-5, A10=-0. 224752 x 10-6

[ non-spherical data of the 18-th plane (rl 8)] ci = 1,
A4 = -0.479030 x,10 - A6 = -0.679555 x 10 - 4, A8
19 ZAPEESD86 x 10 4&507@9 = -0.361221 x 10 - 6

<Enbodi mrent 2> (W- (M (T) FNo. =2.864.15~ 5.21
f Hpifihe0. 84- 16.54 co =32.24- 17.4511.52 d4

=1. 1004. 3500. 839 d8 =15. 0584. 4561. 651 di14
=2.6149.97316. 282 d15 =3.236- 4.582- 4.629 dl17
=3HBUAT 240- 1.200 [Curvature of radius] [Axial
spaci ng] [Refractive index] [Abbe nunber] 25 rl =

rlO%"rg@}ggﬂAS?})- 70044 = 2.286300vd8 =1 .33 BD5 r 2dS A 5994d2

rll1 =-12.931 (ASP)
r12 =24.065
r13 =-5.047
rl4 =4.327
rl5=12.000
rl6 =—14.666
r17 = Light quantity
-adjustment
- member
r18 =—18.906 (ASP)
r19 =-9.058
120 =00
121 =oo
122 =00

123 =c0

d11=10.320

d12=2.220 nd6=1.48749
d13=0.600 nd7=1.6476%
d14=1.145

di5=1411 nd8=1.48749
d16 = (variable)

d17 = (variable)

d18=2.000 nd9=1.77377
d19 = (variable)

d20 =1.530 ndi0=1.51680
d21 =0.500

d22 =0. 600 ndl1 =1.51680

[non-spherical data of the 6-th plane (16)]

e=1,A4=-0.154426 x10 -2, A6 =-0.967007 x10 -5,

vd6 =70.441

vd7 = 33.841

vd§ = 70.441

vd9 = 47.200

vd10 = 64.198

vdll =64.198




3 = 0d3 = 10.800nd2 = 1.84666vd2 = 23.785 r4 = oo d4
(variable) nd3 = 1.80611vd3 = 40.734 r5 = -92. 234d5
1.200 r6 = 8.121 (ASP)d6yr 1.471 r7 = 13.080d7 =
2.550nd4 = 1 84666vd4 = 23 785 r8 = 264.232d8 =
(variable) r9 Aperture limiting d9 = 1.071 d5 =

~1.48749d5 = 70.441 menber d10 = 2.840 r10 = 8.616
(ASP) r11 =-11.801 (ASP)d11l = 0.340 r12 = 15.092d12 =

A8 5JobhioLr Waoor 0335606 % 105, bead1a =

(variable) rl15 = Lightdl5 = (variable) quantity
[noggphsticaEndata of the 10-th plane (r10)]

I =

el,A4=-0.111861 x 10 -2, A6 =—0.460219 x 10 -4
A8=10.192625 x 10 -5, A10 =-0.101161 x 10 -5
[non-spherical data of the 11-th plane (r11)]

el =1,A4=-0.540695 x 10 -3, A6 =0.292235 x 10 -5,
A8 =-0.817608 x 10 —-5,A10=-0.224752 x 10 -6
[non-spherical data of the 18-th plane (r18)]

el =1,A4=-0.479030 x 10— 3, A6 =—-0.679555 x 10 —4,

A8=10.872286 x 10 -5, A10=-0.361221 x 10 -6

<Embodiment 2>
W) - ™M -~ (@O
FNo.= 286 ~ 415 -~ 521
f= 571 ~ 1084 ~ 16.54
w= 3224 ~ 1745 ~ 11.52
d4 = 1.100 ~ 4350 -~ 0.839
d8= 15.058 ~ 4456 -~ 1.651
dld= 2614 ~ 9973 ~ 16.282
dis= 3236 ~ 4582 ~ 4.629
~ 1240 ~ 1.200

dl7=  2.594

[Curvature of radius]} [Axial spacing] [Refractive index] [Abbe number]




“menber rl1l6 = -31.547 (ASP) d16=2.100 nd8 = 1.52470 vd8
= 56.236 26 r17 = -10.101 (ASP) d17 = (variable) ri18 =
d18 = 1.900 nd9 1.51680 419 = 64.198 r19= d19=0. 600
.r20 = oo d20 = 0.700 ndl O = 1.51680 vd10 = 64.198
r21=o00 [non-spherical data of the 6-th plane (r6)]

E1 1, A = -0.236090 x 10 - 3, A6 = 0.195539 x 10 - 5,
= - 0.240030 x 10 - 6, A10 = 0.568074 x 10 - 8

1l JAQ‘?%ES?"BGERSZ"@@“‘K)W 5. Re = 8B AEoe0ri 14580

= - 0.164625 x 10 - 5, A 10 = - 0.132742 x 10 - 8
r2=[hh994pher| cald2dalad(ff the 11-th plane (r11)] E1 =1,
A4 = - 0.150065 x 10 - 3, A6 = 0.743678 x 10 - 5, A8

= - 0 226961 10 A 10 1
1?’—[non spheri cal)a3d“éllg t he ‘il% théggg e (er% ZéﬂiS

Ad=_0.209875 x 10-3, A6=-0.202921 x 10-4
r4 =0e765438 x 10d4=6(vﬂdz§ble)0 226804 x 10 -7
[ non-spherical data of the 17- th plane (r17)] E=1,

1553843 x 105 5140 = 0Mo0b0¢t oo v 30734

r6=8.121 (ASP)  d6=1.471

r7=13. 080 d7=2.550 nd4=1.84666 vd4 = 23.785
r8 =264.232 d8 = (variable)
9 = Aperture d9=1.071

limiting

member

r10=8.616 (ASP) di10=2.840 nd5=148749  vd5=70.441

r11=-11.801 (ASP)  dl11=0.340

r12 =15.092 d12=2907 nd6=1.72916 vd6 = 54.674
r13=-7.318 di3=0.800 nd7=1.59270 vd7 = 35.446
r14 =4.864 d14 = (variable) |
rl5 = Light d15 = (variable)

quantity

adjustment

member

r16 =-31.547 (ASP) d16=2.100 nd8 = 1.52470 vd8 = 56.236




<Enbodi ment 3> 27 (W (M (T) FNo. 2. 864.095. 05
f5.7010. 8316. 53 (032.2617.5611. 55 d41.2104.5701. 091
d814. 6584. 1021. 239 d161. 638§. 83415. 177
d171. 6004. 1373. 761 d193. 7771. 2401. 615 [ Curvature of
radi us] [Axial spacing] [Refractive index] [Abbe
nunmber] rl = 24.599 r2 =11.190 r3 = -0 dI
0. 700ndl = 1.88300vdl = 40.805 d2 = 2.400 d3

r17(—vaf‘?gﬂﬁ)‘*ﬁf’é i @élfbﬁs?% '6 - 19 igzz(Asp) 0 =

10.136 r8 = 19..634

rl§ =eo d18=1.900 nd9 = 1.51680 vd9 =64.198
r}9=o0 d19 =0.600

120 =0 d20 =0.700 nd10=1.51680 vd10 = 64.198
12] =00

[non-spherical data of the 6-th plane (16)]

el=1, A4=-0.236090x10-3, A6=0.195539 %103,
A8=-0.240030 x 10— 6, A10=0.568074 x 10-8
[non-spherical data of the 10-th plane (r10)]

el=1, A4=-0.810299 x 10-3, A6=-0.309901 x 10 -6,
A8 =—.0.164625 x10-5, Al0=-0.132742x10—-8
[non-spherical data of the 11-th plane (r11)]

el=1, A4=-0.150065x 10-3, A6=0.743678 x 10 -3,
A8=-0226961 x 10—5, A10=0.404500 x 107
[non-spherical data of the 16-th plane (r16)]

e=1, A4=-0.209875x10-3, A6=-0.202921 % 10 -4,
A8=0.765438 x 10— 6, A10=0.226804 x 107
[non-spherical data of the 17-th plane (r17)]

e=1, A4=0271556x10-3, A6=-0.317324 x 104,
A8=10.132533x 10-5, A10=0.000000 = 1000

<Embodiment 3>




d5 = 1.360nd3 = 1.52470vd3 = 56.236 d6 = 1.400 V =

1.880 nd4 = 1.84666W = 23.785 d8 = (variable) r9 =

Aperture d9 = 1.200 Iimtgng nmenber 28 rl O =

11.100dlI O = 2.359nd5 = 1.58913vd5 61.253 r11

=-99.119dll = 0.100 r12 = 7.694d12 2.947nd6 =

1. 65844vd6 = 50. 855

ri13=-11.867d130. 700nd7=1. 71736vd7=29. 501 r14 = 7. 244

di4 = OO rlz 43. 56 @(ASP) d15=1. 700nd8 =

1. 524 = 56Mh6 r16=- 18)354( ASP) d16=(variable) r

17 = Li ghtd 17 = (variable) quantity adjustnent
FNorenber2 868=~224 996( ASP) d1&.652. 550nd9 = 1.52470 vd9 =

56. 236

f = 570 ~ 10.83 ~ 16.53
w = 3226 ~ 1756 -~ 11.55
d4 = 1210 ~ 4570 ~ 1.091
d8 = 14.658 ~ 4102 ~ 1.239
dl6 = 1.639 ~ 8834 ~ 135177
d17 = 1.600 ~ 4137 ~ 3761
d19 = 3777 ~ 1240 ~ 1615

[Curvature of radius] [Axial spacing] [Refractive index] [Abbe number]

rl =24.599 d1=0.700 ndl =1.88300 vd1 =40.805
2=11.190 d2 =2.400

r3=oo d3=10450 nd2=1.84666 vd2=23.785
14 = o0 d4 = (variable)

r5=-14.092 (ASP) d5=1.360 nd3=1.52470 vd3=156.236

16 =12.422 (ASP)  d6 = 1.400

17=10.136 d7=1880  nd4=1.84666 vd4=23.785
. 18=19.634 d8 = (variable)
| 19 = Aperture d% =1.200
limiting

member




r19 = -10.989 (ASP) dl19=(variable) r20 = ood20
=1.870ndl O = 1.51680vd10 = 64.198 r21 = 00d21 =0.600
r22 = d22 =0.720ndl | = 1.£1680vdl | = 64.198 r23 = 00
[ non-spherical data of the fifth plane (r5)] 1, A4 =
0.189079 x 10 - 2, A6 = -0.703670 x 10 - 4 AS

=0. 186108 X10-5, AlO:-O 226657 x 10-7 [non-spherica
dat a of the si xth pl ane (r6)] 29 E =1, A4 = 0. 193344

r10’§011]91@0 Al O ng_100‘26325%082 1586 %onsgﬁce)rq]lcﬁgdata

of the 15-th plane (r15)] E—l A4:-O 574999 x 10 -
1-113:,_961:ng 3 868%+9).x0d0 - 4, A8 = 0.964146 x 10 - 6,
= 0. 000000 x 1000 [non-spherical data of the

ri2 Aalégﬂglsigg i §;94_7Aé _ngerikeaeis )iol‘?@‘?g' = RS

0. 000000 x 1000 [non-spherical data of the 18-th

rlsﬁdam@%nw)] F13 = (L7004 =- G@Z12715B1 736L0- 3ydA6=2948T1906
10-4, A8 = -0.413322 x 10 - 6, A 10 = 0. 000000 x

14 2073441 2°0 15830 T 3 w0, 2ealse x 10 - 4,
r15=—-43.564 (ASP) d15=1.700 nd8 = 1.52470 vd8 = 56.236
r16 =—18.354 (ASP) d16 = (variable)
r17 =Light d17 = (variable)

quantity

adjustment

member
r18 =—22.956 (ASP) d18=2.550 nd9 =1.52470  vd9 = 56.236

r19=-10.989 (ASP) d19 = (variable)

120 =0 d20=1.870 ndl0=1.51680 vdl10=64.198
21 =e d21 =0.600

122 =vce d22=10.720 ndl1 =1.51680 vd11=64.198
123 =00

' [non-spherical data of the fifth plane (15)]
e=1, A4=0.189079x 10-2, A6=-0.703670 x 10-4
A8=0.186108 x10 -5, Al10=-0.226657 x 10-7

[non-spherical data of the sixth plane (r6)]




A8 = 0.230880 x 10 - 6, AI0O = 0.000000 x 1000

<Enbodi ment 4> (W (M (T) FNo. = 2.87 4.34 - 5.53
4.85 - 9.22 - 14.07 CO = 38929 - 21.60 - 14.30 M=
0.780 4.152 -~ 0.780 d8 = 16.722 - 5.627 - 2.323 30
dl6 =2.243 -9.966 -16.642 d17 =1.349 -3.787 -3.969 di19
=3.640 -1.2021.020 [Curvature of radius] [Axial

spaci ng] [Refractive index] [Abbe nunmber] rl = 29.54

| = 0.85 = 1.88300 vdl = 40.8Q5 .52 = 11.27 d2 =
Szgz sé‘é‘ofg)-gﬁg‘{ﬂdé 1131§a2 Fzrg-%%(’gi ":1@\7a4>i able) r5 =
26.237 (ASP) d5 = 1.200 nd2 = 1.73077 vd2 = 40.501 r6
A8=0.188270ASH) 4% =A203200062350% 908 7 = 2. 740 nd3 =

1.84666vd3 = 23.785 r8 = 72.468d8 = (vari abl e)
[non-spherical data of the 15-th plane (r15)]
e=1, A4=-0.574999 x 10-3, A6=0.386315x10-4,
A8=0.964146 x 10 -6, A10=0.000000 x 1000
[non-spherical data of the 16-th plane (r16)]
e=1, A4=0.195080x 10-3, A6=0.465132x10-4,
A8=10.148996 x 10 -5, A10 = (.000000 = 1000
[non-spherical data of the 18-th plane (r18)]
e=1, A4=-0212753x10-3, A6=0.457906 x 10—4,
A8=-0.413322x10-6, Al10=0.000000 *x 1000
[non-spherical data of the 19-th plane (r19)]
e=1, A4=0.133306x10-3, A6=0.284156 %104,
A8=0.230880 x 10—-6, A10=0.000000 = 1000

<Embodiment 4>

(W) -~ o™ - (D
FNo. =2.87 ~ 434 ~ 553
f= 485 ~ 922  ~ 1407
w= 3829  ~ 2160 ~ 1430
d4= 0780 ~ 4152 ~ 0.780

d8= 16722 ~ 5627 ~ 2323




ro9 = Aperture limting d9 = 0.130 nenber d10 = 3.420
d4 = 1.58313d4 = 59.461 r10 = 7.857 (ASP) dl I =1.200
ril=-26.882(ASP) r12 = 11.p0d12 = 2.938nd5 =
1.48749vd5 = 70.441 r13 = --6313d13 = 0.800nd6 =
1.67270vd6 = 32.171 r14=5.285d14 = 0.913 r1l5 =

16. 649d15 = 1.525nd7 = 1.48749vd7 = 70.441 31 rl6 =
-32.796 d16 = (variable) rl17 = Lightdl7 = (vari able)

dieanhly adjustgeple 16642
di7= 1349 ~ 3787  ~ 3.969
dl9= 3.640 ~ 1202  ~ 1.020

[Curvature of radius] [Axial spacing] [Refractive index] [Abbe number]

rl =29.54 d1 =0.850 ndl = 1.88300 vdl =40.805
2=11.27 d2=3.800.

r3 =oo d3 =12.220

r4 =oo d4 = (variable)

r5 =26.237(ASP) d5=1.200 nd2 =1.73077 vd2=40.501

16 =5.980 (ASP) d6=2.320

r7=12.918 d7=12.740 nd3 =1.84666  vd3 =23.785
r8 =72.468 d8 = (variable)
19 = Aperture d9=10.130
limiting
member

r10="7.857 (ASP) d10=3.420 nd4 =1.58313 vd4 = 59.461

rll =-26.882 (ASP) d11=1.200

r12=11.250 d12=2.938 nd5 = 1.48749 vd5 =70.441
r13=-6.313 d13 =0.800 nd6 = 1.67270 vd6 =32.171
r14 =5.285 d14=0.913

r15 =16.649 d15=1.525 nd7 = 1.48749 vd7 =70.441




menber r18 = - 47.622 (ASP) d18=1.900nd8 = 1.77377vd8
= 47.200 r19 = -14.003 (ASP) d19 = (variable) r20 =
0d20 = 1.200nd9 = 1.51680v¢l9 = 64.198 r21 = d21 =
0. 600 r22=00d22=0. 500ndl O=1. 51680vd10=64. 198 r23 =

- [ non-spherical data of the fifth plane (r5)] c= 1,

- A4=-0.199102 x10-4, A6=0.120020 x 10-4, A8=-0.410454 x
10- 6, A10=0. 617981 x 10-8 [non-spherical data of the

Si ane (r sz1,.M=-0.633623 x 10- 3,
116 b B3 ony « %@ks_, Va8 719036 x 10-6, AL0=0.414281
X 10--8 [non-spherical data of the 10-th plane (r10)]
r17F Light A4=-0.3d7256(vari®l®, A6=0.265755 x 10-5,
A8=-0. 858779 x 10-6, A10=0.215789 x 10-9
[non-spherical data of the 11-th plane (r1l)] 32 =1,
ARUAEY300607 x 10-3, A6=0.973513 x 10-5,
A8=-0. 183569 x 10-5, A10 =0. 398642 x 10-7
[ adjmstpbuietr i cal data of the 18-th plane (rl 8)] E =1,
A4 = - 0.338236 x 10 - 3, A6 = - 0.260827 x 10 - 4,

member

r18 =—47.622 (ASP) d18=1.900 nd® = 1.77377 vd8 =47.200

r19 =—14.003 (ASP) d19 = (variable)

120 =co d20=1.200 nd9 = 1.51680 vd9 = 64.198
r2] =oo d21 = 0.600

122 =00 d22 =0.500 nd10=1.51680 vd10=64.198
123 =0

[non-spherical data of the fifth plane (r5)]

e=1, A4=-0.199102x10-4, A6=0.120020 x 104,
A8=-0.410454 % 10—6, A10=0.617981 x10-8
[non-spherical data of the sixth plane (r6)]

e=1, A4=-0633623x10-3, A6=0.841957 x 1035,
A8=-0.719036 x 10—-6, A10=0.414281 x 10 -8
[non-spherical data of the 10-th plane (r10)]

e=1, A4=-0.387456x10~-3, A6=0.265755x%10-35,
A8=-10.858779 x 10-6, Al10=0.215789 x10-9

[non-spherical data of the 11-th plane (r11)]




A8=0. 334152 x 10-5, Al0=-0.688027 x 10-7

[ non-spherical data of the 19-th plane (rl19)] E= 1,
A4=-0.183178 x 10-3, A6=-0g485327 x 10--5, A8 =
0. 954236 x 10 - 6, AlQ0 = O 000000 x 1000 [Table 1 ]
Condi ti onal Enbodi nent Enbodi nent Enbodi nment

Enbodi ment Fornmul a1234 (1) 1fl/f210.7160.9970. 7990. 582
(2) D 12w fw3.2732.5042. 4673. 464 Meanwhi |l e, the zoom
scribed

2223%2%2;8%%1@2 mr ent@*ép @ng jpeﬁ ses adapt ed

for formng object inmage by the above-nenti oned zoom

A8 =eng 118358b1>010 LRgel ) pi ®B9BE4ZIevi(re 7or el ement such as
CCD or S|Iver salt filmto receive imge of that

ct. t.0 ra processi ng, especially
[HOW%ﬁ?ﬁFal tfgﬁggﬁ iﬁ%ﬂleg canera (personal
conput er as i nformati on processing equi pnent,
e =gl epheneBIR286 OH B, t &lephan6082T x)10Mhd, i mage
plck up apparatus to whi ch t he pr esent i nvention is

as 3§ Hid 35 AP ST BREERAt I tr “oxpl o i ng the

i mage pi ck-up apparat us
[non-spherical data of the 19-th plane (r19)]

e=1, A4=-0.183178x10-3, A6~=-0.185327 x 105,

A8=0.954236 x 10—-6, A10=0.000000 x 1000

[Table 1]

Conditional Embodiment | Embodiment | Embodiment | Embodiment
Formula 1 2 3 4

(1) |f1/12] 0.716 0.997 0.799 0.582

(2) D12w/ftw 1 3.273 2.504 2.467 3.464

Meanwhile, the zoom lens system of the present invention as
described above can be used in image pick-up apparatuses adapted for
forming object image by the above-mentioned zoom lens to allow image
pick-up device or element such as CCD or silver salt film to receive image of
that object to perform photographic processing, especially digital still camera
or Video camera {personal computer as information processing equipment,
telephone and/or mobile telephone, etc.)

The image pick-up apparatus to which the present invention is applied
will be explained below with reference to FIG. 18.

FIG. 18 is a block diagram for explaining the image pick-up apparatus




33 to which the present invention is applied. This

i mge pick-up apparatus conprises, as shown in FIG
18, when roughly classifiedgg a canmera unit 1, a
canera DSP (Digital Signal Processor) 2, a SDRAM
(Synchronous Dynam ¢ Random Access Menory) 3, a
mediuminterface (hereinafter referred to as medi um
I/F) 4, a control unit 5, an operation unit 6, a LCD

Lqui.d Crystal . Display) controlder -7 LG n
to hic e BpeSh v BBIEEL oS ofaadt, 810k o, BPBaratus
I/F) 9, wherein a recording nedium 10 is detachably
congpriseshas .shithinl m FIG) $8 comeeai roalghly thatifieds iaocemera unit 1, a
- recording nmedia such as so-called nenory card using

sem tQr no L [ [ ' :
car oo B e PraPRRPCh, § RER AN STREb R Ty Bimic

CD (Comnpact Disc), etc., and/or magnetic disc, etc.
Ramduoym b&ceese dVizmarke 3, ex anelling ingdiface {Dereieadpdraredeirod to as

will be given in this enbodinent on the prem se that,

; r EScU e r :
mediyfh 1 bufiRL ot B PG b L LR Chystal
18, an optical block 11, a CCD (Charge Coupl ed
Displayi)centrolend, afe@P i and ap exéarinabinterfape fagretadies irafprred
circuit 13, a driver 14 for optical block, a driver 15
f G | Iyt : £l i [ re,
to P trheRp g M pRERRCt RudHIY adBen el o
- shutter nmechanism and iris_nechanism etc. In
addiWhda,it isheonssiatde thati varpussregording suodipsueh asaesealled
to be of the configuration in which a CPU (Centra

me 0 38 Oy o A e e

recordable DVD (Digital Versatile Disk) or recordable CD (Compact Disc),

etc., and/or magnetic disc, etc. may be used as the recording medium 10,
explanation will be given in this embodiment on the premise that, e.g.,
memory card is used as the recording medium 10.

Further, the camera unit 1 comprises, as shown in FIG. 18, an optical
block 11, a CCD (Charge Coupled Device) 12 as image pick-up device, a
- pre-processing circuit 13, a driver 14 for optical block, a driver 15 for CCD,
and a timing generating circuit 16. Here, the optical block 11 comprises lens,
focus mechanism, shutter mechanism, and iris mechanism, etc.

In addition, the control unit 5 is a microcomputer caused to be of the
“configuration in which a CPU (Central Processing Unit) 51, a RAM (Random

Access Memory) 52, a flash ROM (Read Only Memory) 53, and a clock




circuit 54 are connected through a system bus 55, and
is adapted to have ability to control respective
conponents of the inmage pigk-up apparatus of this
enbodi nent. Here, the RAM 52 is used mainly as work
area such as tenporary storage of internediate result
of processing, etc. Mreover, the flash ROM53 s
adapted so that various progranms executed at the CPU

ciredf,sBatte iyl ERNhrY o e LRI, AR 1S fipui rg have

provi ding current date, current day and current tine,

abilatydtoi contrab atdpectivt compangntsyothetiomgeghick-gipoeiparatud of this
hour, etc. Further, at the time of photographing

i e,.the optical block driver 14 fornms, in
em%@%’reggnce with control fromthe control unit 5, such

a drive signal to operate the optical block I | to
del Heze, the RAXM/&2sisgnsdd nieuslyf as veorkt areat iechops itemporary
block 11 to allow the optical block 11 to be

rat:] ' ck.1 [

storgRElo? ibtFaeflats Bt pFfes il gis MolsPReR (IEFARARAM 53
in accordance with drive signals fromthe %pti cal

is adaptdd doithat vatious progkams hexesitado at iageCBY 8bj @sd/arodata
offer the image thus taken in to the CCD 12. The CCD

b 5t Pob R BTSSR S0 S

obt ai ned, and becones operative in accordance with a
capalleved moyiding icusient deteccmrignt day and cugrend kisne, tamdrisicapable
i mmge of object fromthe optical block 11, and to

o St Al G5 Sl Decn ekep 1 (| e
| %n%:ugmg%ﬁb gatlii’nfergfmpflgt%gtrépﬂigg h%ea%%: tté g%tigé.lr gﬂ)icic (ii‘?ver
14 forms, in accordance with control from the control unit 5, such a drive
signal to operate the optical block 11 to deliver the drive signal thus formed to
the optical block 11 to allow the optical block 11 to be operative. At the
optical block 11, focus mechanism, shutter mechanism and iris mechanism are
controlled in accordance with drive signals from the optical block driver 14 to
take thereinto image of object to offer the image thus taken in to the CCD 12.
The CCD 12 serves to perform photoelectric conversion of image
from the optical block 11 to output the image thus obtained, and becomes
operative in accordance with a drive signal from the CCD driver 15 to take

thereinto image of object from the optical block 11, and to allow image of

object which has been taken in (image information) to be an electric signal on




the control unit 5 to deliver the electric signal thus
obtained to the pre-processing circuit 13. In this
exanple, in a manner as deggri bed above, the timng
generating circuit 16 serves to forma timng signa
whi ch provides a predetermned timng in accordance
with control fromthe control unit 5. Moreover, the
CCD driver 15 serves to forma drive signal to be

el.ivered.to the n.the basis of f i.mi_n
the B8Ry Fieslet Fath JRe S asns Tt SirebifEl ¢ sifuRied by
pre-processing circuit 13 serves to perform CDS
the (&antrall amétd 5 DouldedivBanmtlel rdgctricosksmi nthusi btainspett the
to image information of the electric signal delivered

there to. mpjntain SN ratio to be satisfactory~ and
pre-p&gceggﬁjgog}:ﬁ%&%.( Aut omatic Gain Control) processing to
control gain to further performA/D (Analog/Digital)

conye tiss exatplé,anm manger satdescriedadove, tie @ming geherating
signal. The image data caused to be digital signal

cirepficltsBuft §5,20BECR2 Rty SR Maith, plodRGh & PR Ermined

_ processing such as AF (Auto Focus), AE (Auto Exposure)
timiagdnAvBoldamice witthicontrBhfrant d)e catteol unit Shdloncayer, diag £CD
delivered thereto. The inmage data in which various

driv@ﬁll‘iséeg%kt (e gﬁiﬁ‘f &5 Efgga? 1ORY ddlivell dade 'cscdﬁaﬁ 6 the
t’o “undergo dat'a conpreéession by a predeterim ne
conpressi on system The inmage data thus processed is
basig@fithe toungsigned framdhe tiningegeingrating ¢isewied6i nt o 36
the i mage pi ck-up apparatus of this enbodi nent through

PYERE B ROV s, P o o
 Double Sampling) processing with respect to image information of the electric
signal delivered thereto to maintain S/N ratio to be satisfactory, and to
perform AGC (Automatic Gain Control) processing to control gain to further
perform A/D (Analog/Digital) conversion to form image data caused to be a
digital signal.

The image data caused to be digital signal from the pre-processing
circuit 13 is delivered to the DSP 2. The DSP 2 implements camera signal
processing such as AF (Auto Focus), AE (Auto Exposure) and AWB (Auto
White Balance), etc. to the image data delivered thereto. The image data in
which various adjustments have been performed in this way is caused to

undergo data compression by a predetermined compression system. The

image data thus processed is delivered to the recording medium 10 loaded into




manner described below. Further, with respect to the

i mge data whi ch have been recorded on the recording
medi um 10, target image dag@ is read out fromthe
recording nedium 10 through the mediumlI/F 4 in
accordance with operation input from user which has
been accepted through the operation unit 6 conposed of
touch panel and/or control key, etc. The inage data

[ e e € t
the ?@a&%ﬁ@? @hgﬁ% p(gf? éér r%%ﬂﬂcﬁnxteﬁ?woﬁgﬂ §)}5Yé?ﬁ%s 85 and
conpressed i mage data_ which has been read out fi7om
medihg 18t ds dindgismeesiorded ®ndn dhe aecorting dukdinem elf) ehrfdlegin a
the nedium|/F 4, deconpression processing (expansion
hat data conpression to deliver the
fma é’gﬁ‘?é@%e |Or‘rj&ege data to the LCD controller 7
t hrough the system bus 55. The LCD control ler 7 forns
f r olfurther, withgiespeatdodbeimagsddathevkich, haye bmrgeecorded on
signal to be delivered to the LCD 8 to deliver t he
the 'r@&ﬁ'ﬁug aHiuhd" 48, ft ET? ﬁgﬁge tdaga | ca Ih”ﬂﬁeregordm
correspondi ng to | a recor on t e recordi ng
ium 10 is displ ayed on the di spl ay . screen of . the
meium B0 thrquehithe gaeditiny BF ft b acrosgange Withi epegations input from
accordance with display processing program recorded

user WhidlEhEDkeNabRipted Hﬁbﬁﬁg'tﬁ@b YrAIRCESE 6OmPEKRY &Mouch
'S aprogramrndrcatrng chanismin which fiTe system

Wi | | 37 be desgcrihed I a er IS corded, and how
pan%am@ar sonkel kepgdc. Loe dmage, erta] vrhfreh ?x@ﬁd@earr@&d @yt m this
apparatus of this enbodinent, there is provided an

wayeistdtivated {dth3. DSPe. | mage pi ck-up apparatus may be
connected to,

The DSP2 performs, with respect to compressed image data which has
been read out from the recording medium 10 and has been delivered through
the medium I/F 4, decompression processing (expansion processing) of that
data compression to deliver the decompressed image data to the LCD
controller 7 through the system bus 55. The LCD controller 7 forms, from the
image data delivered thereto, an image signal to be delivered to the LCD 8 to
deliver the image signal thus formed to the LCD8. Thus, image corresponding
to image data recorded on the recording medium 10 is displayed on the
displey screen of the LCD 8.

In this case, form of display of image is in accordance with display
processing program recorded in the ROM. Namely, this display processing

program is a program indicating mechanism in which file system which will




e.g., external personal conputer through the externa
I/F 9 to receive supply of inmage data fromthe
personal conputer to recorgythe data thus delivered
onto recording nedium | oaded therewithin, or inage
data recorded at recording nedium]loaded therew thin
may be delivered to external personal conputer, etc.
Further, conmunication nodule may be connected to the

A her nn | mage pi ck-up
be GRS APER taret 5 1ol 80 B EPRRERIME TopfEC D' el e
various i mage data and/or other information through
t he Metaowek indhe image pidaop dppageus af shisrem ddinreat,i there is
with respect to recording nedium | oaded therewthin,

prof sl BE 5o 568 RO UM OSURA, v pappecte o,

serving as target through network. Further, also with
e.g.r estennd] persord eomgiitemthsoegh twe éxtagel d4t 8 to eeazive wipply of
I's acquired through external personal conputer or

imaggtdﬁ?z{ fi ; e(rilh% erdonaf Eglt%%u?ér tg {necf ﬂ{edHQt% lﬂﬁg 'dlémrelled onto

course rea manner- as
descri bed above, such inmage data or |nfornat|on at the
recordinge megdivk lgadedpthrencwithof, ehimageidsda mecorded at recording

reproduce it to display such information on the LCD 8

medifind eﬂsﬁ%r&ﬁﬁh tfr*a;y':l?fbﬁgﬁpeﬂgﬂf@{ BRfL-41- \pé&g%ﬂfﬁ dtnPer,

not e at extern SO prowvi

|nterface 38 for wire such as IEEE (Institute of
etC.El ectrical and El ectroni cs Engineers) 1394, USB

(Universal Serial Bus), etc., and may be provided as

Wi el Aoy é&ﬁﬁﬁ?&u&y loldat ﬁr%?r Bé €6hht&GedaYy The NarEhyr IF

the external e elt wre or wreless

terface.
-9 to t ereby connect the image plck—up apparatus to network, e.g., Internet, etc.

to acquire various image data and/or other information through the network to
record such image data or information with respect to recording medium
loaded therewithin, or data recorded at recording medium loaded therewithin
may be transmitted to the other side serving as target through network.

Further, also with respect to information such as image data, etc.
which is acquired through external personal computer or network and is
recorded at the recording medium, it is a matter of course to read out, in a
manner as described above, such image data or information at the image
pick-up apparatus of this embodiment to reproduce it to display such
~ information on the I.CD 8 so that user can utilize such information.

It is to be noted that external I/F 9 may be also provided as interface




As stated above, the imge pick-up apparatus of this
enbodi nent can phot ograph i nage of object to have
ability to record the imagggt hus photographed onto

- recording medi um | oaded within the imge pick-up
apparatus, and to have ability to read out inmage data
recorded on the recording nediumto reproduce such
image data to utilize it. In addition, the inage

i-cK- Day. At [ i fferaof. | dat
for R sith 88 PERR SRR SERR T A8 BB rpBRiE AP Gers) 1394,
record the image data thus obtained onto recording
USBedinavel md Gedial Barsgyetchi md mast be rpradtidedt asswiteléssaigéer face
data to reproduce it. It should be noted that while

by Fs e ol N ec Bl Sty R SRl or
It is to be noted that while the present invention has

wirbless infesfacé.bed in accordance with certain preferred
enbodi nents thereof illustrated in the acconpanying

dr awj i Ln,: [ ' .

undey SRR BooRE the Adabbi e A T b ffibggiment can

that the invention is not limted to enbodinents, but
photegraphs imege f 0E aobiens, toalhagenability tonscoudt then image thus

equi val ents can be inplenented w thout departing from

o q g L A On i
phol§5:apPR ol 18R dite Hnedhllf KARSNwitliHCHS Sndt, Hfilcup
The zoom |l ens to which the present invention has been
appapivs.emdriethaverabiliaie 1ead msdmagediaga regorded pn thenenagding
or video canera, but also can be used at silver salt

:  cnosi - € il mei o
me AR prORORA0 ink¥ Matd o whlipd it XoPaBRioh, (B Image

. .has been applied can be used at
pick-up apparatus can receive offer of image data through external personal

.computer or network to record the image data thus obtained onto recording
medium loaded therewithin, or to read out such image data to reproduce it.

It should be noted that while CCD is used as the image pick-up device,
CMOS sensor (Complementary Metal-oxide Semiconductor) may be used.

It is to be noted that while the present invention has been described in
accordance with certain preferred embodiments thereof illustrated in the
accompanying drawings and described in detail, it should be understood by
those ordinarily skilled in the art that the invention is not limited to
embodiments, but various modifications, alternative construction or
equivalents can be implemented without departing from the scope and spirit of

the present invention as set forth by appended claims.




canera included or externally attached at persona
conputer, tel ephone and/or nobile telephone, etc. 40
CLAIMS | A zoomlens at |gast including, in order

- froman object side, a first group including a
reflection menber for bending or folding the optica

- axis and having negative refractive power, a second
group having negative refractive power, and a |ight
quantity adjustnment nmenber fixed during nmagnification
changi ng or adjustnent operation and serving to adjust
light quantity. 2 The zoomlens as set forth in claim

- InddstriahApglivabihiey f i r st group is fixed during

magni fi cati on changi ng or adjustnent operation. 3 The

zoom,l ens as; set. forth ibnh claiml, wherejn the .

£ of LAY FePTB s P oRaicly Bt epiy iyt pey b applipd ot

- JF1/f2) < 1.2 ... (1) In the above formula, fl: foca
only eagthe wiedt dtedipitabitild catrera fo? -vifles @hmeem divt ad§o the be used

second group 4 The zoomlens as set forth in claim1,

erein the foll,ow ng condit] | _foryula |
ar 08 G elerd B W R o hg lYYr at Mim | SHMREAICOT Fther,the
formul a,
zoom lens to which the present invention has been applied can be used at

camera included or externally attached at personal computer, telephone and/or

mobile telephone, etc.




D12w. spacing fromthe plane at the side closest to

i mge of lens 41 group of object side fromreflection

menber at w de-angle end syigte up to the plane at the

side closest to the object of the second | ens group fW
focal length of the entire systemat w de-angle end

state 5 The zoomlens as set forth in claiml,

wherein the reflection nmenber is a perpendicul ar

prism, and refractive | f the perpendicul ar

prismis 1.7 or nore. 6 | ens conposed, in order

froman object side, of a first group including a

1 reflechoan lemTbeledsoindladiig)dnosrdepfebmdart odjantdidal a first
axis and having negative refractive power, a second

r au Vi ng tive pawer t,hird Vi ng. .
erofpaBiopie &P rdfethion " BeRET ton beudihd,Pr HofHBa SR difting! wis
positive refractive power, wherein a |light quantity
anddjaviigremiganeeb ecfrictiveadiaisén, ng d¢doghtl gamgnthdwingsnegative
fi xed during magnification changi ng or adj ustnent _
opgration. 7 The zpomlens.,as set forth in ¢laig 6 .
refigRAvE OVEE R s? JEBL R AGustomomatafit iked diine
changi ng or adjustnment operation, and the |ight
magnidicatioy ddingingrent adjestasenti spdratien ande sevvamg ttheadjhstr Hght
group and the fourth group. The zoomlens as set forth
in.claim6, wherein the followi ng conditional fornula

QUaBsYyis satisfied. 0. 1 < JfI/f2J < 1.2 ... (3) In the
above formul a, ) ]
2 The zoom lens as set forth in claim 1,

wherein the first group is fixed during magniﬁcation changing or
adjustment operation.
3 The zoom lens as set forth in claim 1,
wherein the following conditional formula (1) is satisfied.
0.1 <|f1/£2]<1.2 - (1)
In the above formula,
f1: focal length of the first group
2: focal length of the second group
4 The zoom lens as set forth in claim 1,
wherein the following conditional formula (2) is satisfied.
1.6 <DI12w/tw <5 - (2)
In the above formula,

D12w: spacing from the plane at the side closest to image of lens




42 fl1: focal length of the first group f2: focal

| ength of the second group 9 The zoom | ens as set
forth in claim6, wherein ype follow ng conditional
fornmula (4) is satisfied. 1.6 <D 12w fw < 5 ... (4)
In the above fornmula, Dl12w. spacing fromthe plane at
the side closest to image of lens group of object
side fromreflection nenber at w de-angle end state up

to tthe. plane.at th ide cl osest to, object aqf . the
groud of Mbised 4% fom selpciaihmiambaT Atidsrels endetagp to the
w de-angle end state 10 The zoomlens as set forth in

plasd & eGidebleiedtrtotihe obiidt ef thesedmratiens sng
per pendi cul ar prism and refractive index of the

2= BT Bl L7 e B S e o

non- spherical surface is provided within the second

-5 grodmhe ZoboAlensmoset foak-idRldppdy at us conprising: a
zoom |l ens at least including, in order froman object

S SRl BB AL B S TR e
' negati ve refracti ve power, a second group having
indeyeghithevgerperdicataripresnp asvéds7, oramdra | i ght quantity
adj ust nent nenber fixed during 43
6 A zoom lens composed, in order from an object side, of a first group
including a reflection member for bending or folding the optical axis and
having negative refractive power, a second group having negative power, a
third group having positive refractive power, and a fourth group having
positive refractive power,
wherein a light quantity adjustment member for adjusting light
quantity is fixed during magnification changing or adjustment operation.
7 The zoom lens as set forth in claim 6,
wherein the first groupr ié fixed during magnification changing or
adjustment operation, and the light quantity adjustment member is fixed
between the third group and the fourth group.
8 ‘The zoom lens as set forth in claim 6,
wherein the following conditional formula (3) is satisfied.

0.1<H1/f2<1.2~(@3)

In the above formula,




magni fi cati on changi ng or adjustnent operation and
serving to adjust light quantity; and an i nage

pi ck-up device for convertjyng an optical inmage forned
by the zoomlens into an electric signal. 13 The

i mage pi ck-up apparatus as set forth in claim 12,
wherein the first group is fixed during magnification
changi ng or adjustnment operation 14 An image pick-up

appayatus. conpri si,ng. a zoom | ens conposed, in order
fro a’f?c%]ce@gﬁig the figstgroup group including a
reflection nmenber for bending or folding the optical

axi 2. 2fodal RAGHNGT RISddond grehipact i ve power, a second
group havi ng negative refractive power, a third group

havi ositive refracti.ve. power, and a fourth group
9 hav%ﬂi’% Z;%@ﬁ.iqriﬁeasr%’ftlf ill{%&l‘fg‘@\\zg)r, wherein a |ight
quantity adjustment nmenber for adjusting |ight

quaRhdr¥ini the ffoReditt conditisaghfdmeadhi(dnicdaiRdedy or
adj ust ment operation; and an i mage pi ck-up device for

converti an. optical,.image fornmed by the zooml|ens
i nt 'éﬁ@?@@&?’fﬁiih&@l. 15 The inage pi ck-up
apparatus as set forth in claim 14, wherein the first

gr olip thesatboweeforeulang magni fi cati on changi ng or
adj ustnent operation, and the light quantity

30 RPN IRID S s uld ¥fihe BPUNE ST BocklY 16! ilaBERof lens
group of object side from reflection member at wide-angle end state up to the
plane at the side closest to object of the second lens

fw: focal length of the entire system at wide-angle end state
.IO The zoom lens as set forth in claim 6,

wherein the reflection member is a perpendicular prism, and refractive
index of the perpendicular prism is 1.7 or more.
11 The zoom lens as set forth in claim 10,

wherein at least one non-spherical surface is provided within the
second group.
12 An image pick-up apparatus comprising:

a zoom lens at least including, in order from an object side, a first
group including a reflection member for bending or folding the optical axis

and having negative refractive power, a second group having negative

refractive power, and a light quantity adjustment member fixed during




43

magnification changing or adjustment operation and serving to adjust light
quantity; and

an image pick-up device for converting an optical image formed by
the zoom lens into an electric signal.

13 The image pick-up apparatus as set forth in claim 12,

wherein the first group is fixed during magnification changing or
adjustment operation
14 An image pick-up apparatus comprising:

a zoom lens composed, in order from an object side, a first group
including a reflection member for bending or folding the optical axis and
having negative refractive powef, a second group having negative refractive
power, a third group having positive refractive power, and a fourth group
having positive refractive power, wherein a light quantity adjustment member
for adjusting light quantity is fixed during magnification changing or
adjustment operation; and

an image pick-up device for converting an optical image formed by
| the zoom lens into an electric signal.

15 The image pick-up apparatus as set forth in claim 14,

wherein the first group is fixed during magnification changing or

adjustment operation, and the light quantity adjustment member is fixed

‘between the third group and the fourth group.




