1 DESCRI PTI ON Zoom Lens System and | mage Pi ck-Up
Apparatus Technical Field The present invention
relates to a novel zoom|lens systemand a novel inage
pi ck-up apparatus. More particularly, the present
invention relates to a zoom|ens system having
excel | ent conpact ness and having high image formation
performance irrespective of object di stance whil e
covering the range fgﬁg§¢l angle side up to
the tel escopi c side, ichTs SU|tabIe for
phot ogr aphi ng optical system of digital input/output
Zooan Ligpsehisteam anddmagiegP ickUpAppdragsner a and/ or digital
vi deo canera, etc.; and an i nage puck-up apparatus
conprising such a zoom |l ens system This Application
clains priority of Japanese Patent Application No.
2005- 068933, filed on March 11, 2005, the entirety of
TechhicahFieddi ncor porated by reference herein. Background
Art In recent years, image pick-up apparatuses usi ng
soI [ t
"Iﬂl C[%[%tsgnt' 1%?ﬁt10§ rrél‘é éeéptr(])gz?}égg 20 ze%lﬁss %St%l‘gce?da novel
mnth Eopularlzatlon of digital still canera, there |s
imagecqickey appasoins. Mok pattichipris dbe Ipsetent om&t%g@la@ﬁdo a
havi ng high imge formation 2 performance in the
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formation performance irrespective of object distance while covering the
range from the broad angle side up to the telescopic side, which is suitable for
photographing optical system of digital input/output equipment such as digital
still camera and/or digital video camera, etc.; and an image puck-up apparatus
comprising such a zoom lens system.

This Application claims priority of Japanese Patent Application No.

2005-068933, filed on March 11, 2005, the entirety of which is incorporated

by reference herein.

Background Art

In recent years, image pick-up apparatuses using solid-state image
pick-up devices such as digital still camera, etc. are being popularized.
Especially, with popularization of digital still camera, there is required a zoom

lens having excellent compactness and having high image formation




covering the range fromthe broad angle side up to the
tel escopic side. For exanple, in zoom | enses descri bed
in the Japanese Patent Application Laid Open No.

1992- 146407 publication and the Japanese Patent
Application Laid Open No. 1999-174324 publication, six
| ens groups consisting of positive | enses, negative

| enses, positive | enses, negative |lenses, positive

perto RS S Lo S R B e e whie

adj usting operation. However, the zoom|enses
covelgsg thhemgerfromehsdpaad ssgRatidanp taghe itelas¢amc siled
Open No. 1992-146407 publication and the Japanese
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refl ex canera, etc., and are difficult in
ApplicatianUcaidddpem Nondl 9% 24#64Q1 pohlication ead thadrpanese Patent
because | ong back-focus for arrangenent space of
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the present invention is to provide a zoomlens,
consigting mf siipectensas, tegativg lensgs, praiive leaseraticgative lenses,
performance over the entire zoomng | ens area
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which is used in video canmera and/or digital still

magrdfientaon ghangingi areaghustie RPEI&Ppar at us usi ng such a
zoom | ens system 3 Disclosure of the Invention

Proff Rusvd:0 R S2byfd [Bysdhedédey®Rl R the Japanese Patent
Application Laid Open No. 1992-146407 publication and the Japanese Patent
Application Laid Open No. 1999-174324 publication relate to exchange lens
of single-lens reflex camera, etc., and are difficult in miniaturization and
realization of broad angle because long back-focus for arrangement space of
mirror for jumping up mirror, etc. must be ensured.

In view of the problems as described above, an object of the present
invention is to provide a zoom lens system, compact and having high image
formation performance over the entire zooming lens area irrespective of object
lens while covering the range from the broad angle side up to the telescopic
side, which is used in video camera and/or digital still camera; and an image

pick-up apparatus using such a zoom lens system.




In order to solve the above-descri bed problens, a zoom

| ens system of the present invention at |east

includes a first lens groug GRI having positive

refractive power, a second |lens group GR2 having

negati ve refractive power, a third |lens group GR3

havi ng positive refractive power, a fifth | ens group

G4 having positive refractive power, a fifth | ens

g s ' ak refractive power (including

Ihs%@%%%b ivgqgg%£$0@80), and a sixth lens group GR6

havi ng negative refractive power which are arranged in
Probledesr tof hosolvhé bybthednvestiate t o change spaci ng or

spaci ngs between the respective | ens groups to
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oper at’i on, en group spaci ng 'between t

i-th lens group and the j-th lens group at_the L
the p‘r@@nam@vemtmdatsleas@no&.uéma firyt, leaagrgup pR4 parsiing positive

between the i-th lens group and the j-th | ens group
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ondl mul as are sati

(1) DW1-2) < DT(1-2) .(2) DW2-3) > DT(2-3) (3)
thlrémms gloup é?@sh@mgamlttmrefmmw RO acﬁﬁgl ilensygiap GR4
in the optical axis direction so that focusing
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an i mage pi ck-up apparatus conprising a zoom| ens
refragtéyeppweb Ruichuding refraglive owsr gubs akbe sevthilers gepup GRO
change group spacing or spacings to
having negative refractive power which are arranged in order from the object
side to change spacing or spacings between the respective lens groups to
thereby perform magnification changing and adjusting operation, wherein
when group spacing between the i-th lens group and the j-th lens group at the
wide-angle end state is DW(i—j), and group spacing between the i-th lens
group and the jth lens group at the telescopic end state is DT(i~j), the
following conditional formulas (1), (2) and (3) are satisfied,
(1) DW(1-2) < DT(1-2)
(2) DW(2-3) > DT(2-3)
(3) DW(5-6) > DT(5-6), and
the fourth group GR4 is moved in the optical axis direction so that

focusing operation is performed.

Moreover, the image pick-up apparatus of the present invention is




perform magni fication changi ng or adjusting operation,
and an i mage pick-up device for converting an optica
i mge forned by the zoom |l aens systeminto an electric
signal, the zoomlens systemincluding a first |ens

group GRI having positive refractive power, a second
| ens group GR2 having negative refractive power, a

third |l ens group GR3 having positive refractive power,
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power (including refractive power = and a sixth
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are arranged in order fromthe object side to change
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groups ere orm at1on’ c angi ng -or
adj usting operation, wherein when group spaci ng

deviet faveromveeting am optical gmags fontedniy the tznomelﬁ;ngery@tﬁgn into
at the wde-angle end state is DWi ), and group
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'escopic end state I's
foIIovm ng conditional formulas (1), (2) and (3).are
having pesitieg, reftactiva(powsyr, <4 m(mdz;enS( groupnR B haying negative
DT(2-3) (3) DW5-6) > DI(5-6), and the follow ng | ens
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ocu5| ng operation 1s perfor Accord| ngt y,
in the zoom | ens system of the present invent ciln
fouythpleas B1opatL G& aﬂum& gﬁmﬁwgnﬁeﬂa@afmowwah pdifth lens group

realized. Moreover, in the
GRS5 having weak refractive power (including refractive power = 0), and a

sixth lens group GR6 having negative refractive power which are arranged in
order from the object side to change spacing or spacings between the
respective lens groups to thereby perform magnification changing or adjusting
operation, wherein when group spacing between the i-th lens group and the
j~th lens group at the wide-angle end state is DW(i—j), and group spacing
between the i-th lens group and the j-th group at the telescopic end state is
DT(i~j), the following conditional formulas (1), (2) and (3) are satisfied,

(1) DW(1-2) < DT(1-2)

(2) DW(2-3) > DT(2-3)

(3) DW(5-6) > DT(5-6), and

the following lens group GR4 is moved in the optical axis direction so

that focusing operation is performed.




i mage pi ck-up apparatus of the present invention, the
zoom | ens system of the present invention is used to
t hereby have to ability tosealize mniaturized
configuration thereof, and to have ability to perform
phot ographi ng by high nmagnification over a range from
the broad angle range side up to the telescopic range
side. Mreover, at |east six |lens groups are provided
to - u ac| heer gsp ' :
ar oin e Saguiglg Fn ARECOBRE 18FL SRR Sl ARPRELE LfiRtion,
magni fi cation, thereby making it possible to attain |
minggpizetionnandilygh wagnificatwm @ﬁnzge)meabh@i.swr@ﬁwn in the
whi ch novenent quantity of the lens entire systemis
. rel ati le.. : t
imag AL g of i ph Gy W erl Rl i (B0, S 4Psleif of the
group to thereby pernmt the drive system of the focus
prespndUipventioe isisdcto sherehuthane (rabdityokusgalizge sinpgwized
be resultantly increased. Further, in the inmage
co
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e present on 1 s use

phot ographi ng by high magnification can be perforned
magnigieatins pread dARER ramgéhepbrogdt pagle sprge gide YRinge the
al though its configuration is small. In addition,

teleSOOYIEHhERE §ideOf Use becones satisfactory by high speed
ee%F(?mang g%: ‘becomss possible to precisely capture

shutter chance.. 6 In the inventions descrjbed in the
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GR3 and GR5 are noved in one body along on the optica
spacings between the respective lens groups at the time of changing or
adjusting magnification, thereby making it possible to attain compact and high
magnification zoom lens system in which movement quantity of the lens
entire system is relatively small. Further, the fourth lens group GR4 having
small lens diameter is caused to be focus group to thereby permit the drive
system of the focus group to be compact so that AF (Auto Focus) speed can be
resultantly increased.

Further, in the image pick-up apparatus of the present invention, the
zoom lens system of the present invention is used so that photographing by
high magnification can be performed from the broad angle range up to the
telescopic range although its configuration is small. In addition, convenience

of use becomes satisfactory by high speed AF, and it becomes possible to

precisely capture shutter chance.




axis in magnification changi ng or adjusting operation,
the third, the fourth and the fifth |l ens groups GR3,
GR4 and GR5 can be constit@gted by single cam
cylinder. If there is enployed a configuration to nove
the fourth lens group GR4 serving as the focus group
t hereanong, not only nechani cal configuration becones
easy, but also relative positioning of the third, the
f OUT Iﬁl@%éfpﬁ)r& %és‘&nb%&singth@%?él and 9, ?1‘91@6%@ third and
whi are a orous 1n erance in
nanufacturln becones easy. In the i nventi ons

fifit dens igoewps G%t:h end |GRAwre maved @n osierkslyt Alongper ithe optical

between the third | ens group GR3 and the fourth | ens
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formul as (4) 3 4) and (5) DW4-5) >
the fiftul®)s, gravipghGi gﬁRﬁoa {GRA gsar borcpasiaIted by single cam

exhibited wthin the zoomng area and w thin the
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I'nventions Int alnms 4 and since t

fifth lens group GRS is constituted by S|ngle | ens
GRhawerignat dsedbe dReunogrejihetiegarmosgy f ael, Orkyd meehanical

conditional formula (6) -0.4 < fw/fgh <0.4 is
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e-angl e _end state of the entlr
foumhra@ég%m%ﬁth densygonpe IGRBnGR %mnéf ﬁ%f %da@.hr ake ght to be
taki ng place in change of object distance are
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performance can be obtained at al | phot ogr aphi ng

dlstance In.the . i nventi.on scri hed the I 5.
and1n4h egpﬁ%{glqme es,gg]gpd in the ¢ a{:ms% 0 since the spacmg

between the third lens group GR3 and the fourth lens group GR4 and the
spacing between the lens group GR4 and the lens group GRS satisfy the
conditional formulas (4) DW(3—4) < DT(3-4) and (5) DW(4-5) > DT(4-5),
high image formation performance is exhibited within the zooming area and
within the focusing area irrespective of object distance.

In the inventions described in the claims 4 and 11, since the fifth lens
group GR35 is constituted by single lens having at least one non-spherical
surface, and the conditional formula (6) -0.4 < fw /fg5 < 0.4 is satisfied when
the focal length of the fifth lens group GRS is fg5 and the focal length at the
wide-angle end state of the entire system is fw, various aberrations including

spherical aberration taking place in change of object distance are effectively




focus (air conversion length) at the w de-angle end
state is Twbf and focal |Iength at the w de-angle end
state of the entire system7is fw, the conditiona
formula (7) 0.2 < Twbf/fw < 1.2 is satisfied,
real i zation of broad angle cannot be obstructed while
preventing enl argenent of lens front gem (lens front
optical elenment). In addition, dust, etc. is permtted
e .di c
conjegteka sg fﬁdt .k’ét Sfé&ﬁg)e n[ﬁ%?t fﬂggféﬂ Q?E:I %%g l?én %téifned at all
clalns 6 and 13, since the sixth lens group GRG at
phokgaephnumdm@e@ebne negative | ens having negative
refractive power and one positive |ens having
POSIth IHE ihFEARGL YEPRRN i LBl NG 5 Bhd ag@geﬁlnw whedehack
fromthe object si e perlp era rays o are
jumped upwards by the positive | ens and
focu ppir eosadrugn tlpegthy At theewidarangls @Iﬁbtstate é&ITVY‘af ppA focal
of broad angl e beconmes easy whil e suppressing
lengthS4tohk! @ e—é‘@%@réﬂd Ofdte @E%é %ﬁhg@ @S/st%ﬁg ﬁsef\‘?nﬂﬁz Ebgditional
nmage pi ck-up device can be gentle
magni ficati on_col or aberration can be als effectlvel
forrgala €0t < Tty arl-24p sadstigibeplization Ogrhgﬂﬁdf %&l@.caﬁnot
at the telescopic end state of the sixth |Iens group

be %rlhéteﬂg’&fﬁﬁe éf@/eﬁﬁﬂ% shanadmémr Bvliand Hrodt %etﬁ (Bn96front

.0is satisfied ni aturi zati on of the ['ens

ent| re systemcan be attained so that phot ogr
optigel dementdila agditiogaflust Rifdels Bermitedy éﬁi&h s to be

described in the clains 7 and 14, since the sixth | ens

con%x‘éﬁ@uéﬁ@t@txﬂn@@ﬁtmﬁﬁﬁmﬁgﬁﬁl ve lens having negative
refractive power and one positive |ens having
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group GR6 at least includes one negative lens having negative refractive
power and one positive lens having positive refractive power which are
arranged in order from the object side, peripheral rays of light are jumped
upwards by the positive lens and are suppressed by the positive lens so that
realization of broad angle becomes easy while suppressing distortion
aberration, and incident angle onto the image pick-up device can be gentle
(small) and magnification color aberration can be also effectively corrected.
Moreover, since when lateral magnification at the telescopic end state of the
sixth lens group GR6 is Ptg6, the conditional formula (8) 1.1 < Ptg6 < 2.0 is
satisfied, miniaturization of the lens entire system can be attained so that

photographing at nearer distance can be made.




fromthe object side, and the conditional formula (9)
1.05 < (3wg6 < 1.5 is satisfied when |atera
magni fi cation at the wi de-gangle end state of the sixth
| ens group GR6 is 3wg6, it is possible to ensure,
whi | e avoi di ng enl argenent of the lens entire system
enl argenent ratio by novenent of the sixth lens group
GR6 so that it becones equal to a predeterm ned val ue.
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zoom | ens system of the present invention. FIG 2
grogh@R6 alleny ond meEhdse 18andadingy negatiree adfeactatd pawer and
iagrans of nuneric val ue enbodiment 1 in which
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this Figure shows spherical aberration, astigmatism
fromarntle ditgearr sidon and ehe atdnabitienalt foemula d8) dndf e Emgz6 < 1.5 is
state. FIG 3 shows spherical aberration, astigmatism
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and distortion aberration at the tel escopic end
lenssgiatp. GR6 Bl Bvgh, itsispossible shonsung, write aomfling ealargement
of a second enbodi nent of the zoom | ens system of the
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enbodi ment 2 in which practical nunerical_ values
group GR6 so that it becomes equal to a predetermined value.

Brief Description of the Drawings

FIG. 1 is a view showing lens configuration of a first embodiment of a
zoom lens system of the present invention.

FIG. 2 shows, along with FIGS. 3and 4, various aberration diagrams
of numeric value embodiment 1 in which numerical values are applied to the
first embodiment of the zoom lens system of the present invention, and this
Figure shows spherical aberration, astigmatism and distortion aberration at the
wide-angle end state.

FIG. 3 shows spherical aberration, astigmatism and distortion
aberration at the intermediate focal length.

FIG. 4 shows spherical aberration, astigmatism and distortion

aberration at the telescopic end state.




are applied to the second enbodi nent of the zoom | ens
system of the present invention, and this Figure
shows spherical aberration,gastigmtism and

di stortion aberration at the w de-angle end state.
FIG 7 shows spherical aberration, astigmatism and
distortion aberration at the imedi ate focal |ength.
FIG 8 shows spherical aberration, astigmatism and
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embodi ment of the zoomlens system of the present
of thaventi lems sfFs@m 00 thxhpuesent myentien. with FIGS. 11 and
vari ous aberration diagrans of numeric val ue

12,
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applqﬁ d Gosﬁ%\gp’t %#eg[ﬁgﬁb‘gglhnen S(‘Jf‘yrteﬁlg&z%or‘ﬁlz11 F@r‘% abierration
system of the present invention, and this Figure
diagitaows of phmercayalab embzodiorent 2sini wheth practioal numerical values

di stortion aberration at the w de-angle end state.
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~ length. FIG 12 shows spherical aberration, .
investiogmanids thianfigliret showsn spltericabeaberratdon,anstigmatism, and
tel escopic end state. FIG 13 is a bl ock diagram
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e present 1 nvention? Bes de for Carrying Qut
the Invention ) i ) ) . .
FIG. 7 shows spherical aberration, astigmatism and distortion

aberration at the immediate focal length.

FIG. 8 shows spherical aberration, astigmatism and distortion
aberration at the telescopic end state.

FIG. 9 is a view showing lens configuration of a third embodiment of
the zoom lens system of the present invention.

FIG. 10 shows, together with FIGS. 11 and 12, various aberration
diagrams of numeric value embodiment 3 in which practical numeric values
are applied to the third embodiment of the zoom lens system of the present
invention, and this Figure shows spherical aberration, astigmatism and
distortion aberration at the wide-angle end state.

FIG. 11 shows spherical aberration, astigmatism and distortion
aberration at the intermediate focal length.

FIG. 12 shows spherical aberration, astigmatism and distortion




Best node for carrying out a zoomlens system and an
i mge pick-up apparatus of the present invention wl|l
now be explained with refengence to the attached
drawi ngs. The zoom | ens system of the present
invention at least includes a first I|ens group GRl
havi ng positive refractive power, a second |ens group
GR2 having negative refractive power, a third | ens
refractive power, a fourth
abeﬁéﬁ§85§i§§F§§§ 1€?§%g%%§ltlve refractive power, a
fifth lens group GRS having weak refractive power
("r #Gack3 ve pbheck diggram ishewing han easleodimeng eheneimage
is no refractive power on the axis is also included in
. a sixth lens group GR6
330%£©?§6%ﬁ%%§?&6%g Pﬁfn%m@gagomer to change spaci ng or
spaci ngs bet ween the respective lens groups to
t hereby perform magnification changi ng or adjusting
operation, wherein when group spacing between the
[ ' |l ens group at the
Bes&b&@@%ﬁ%ﬁ%ggﬁg{%@g tﬁ@ﬁ“}g\l}\lﬁ%—r}] ), and group spacing
between the i-th lens group and the j-th group at the
t el dasopiredeier earsyiagi GtETEpom)iens ﬁESteﬂbang\Rﬂﬂ@age pick-up
conditional formulas (1), (2) and (3) are satisfied,
app ud Bf tlfxé’Pfésgnfli]nvén%% \QHPFIB‘»\%@ ekéla‘i%(?griﬂhrh‘etf&%nce to the
Ica Irection so t ocusing operation iIs
erforned (1) DW1-2) < DT(1-2) (2) DW2-3) >
attagtr@cidge}wu(g;) DW 5-6) > DT(5-6)

The zoom lens system of the present invention at least includes a first
lens group GR1 having positive refractive power, a second lens group GR2
having negative refractive power, a third lens group GR3 having positive
refractive power, a fourth lens group GR4 having positive refractive power, a
fifth lens group GRS having weak refractive power (“refractive power = 07,
i.e., the case where there is no refractive power on the axis is also included in
“weak refractive power”), and a sixth lens group GR6 having negative
refractive power to change spacing or spacings between the respective lens
groups to thereby perform magnification changing or adjusting operation,
wherein when group spacing between the i-th lens group and the j-th lens
group at the wide-angle end state is DW(i—j), and group spacing between the
i-th lens group and the j-th group at the telescopic end state is DT(i—j), the

following conditional formulas (1), (2) and (3) are satisfied, and the fourth




As stated above, at |east six |ens groups are provided
to change respective |lens group spacings at the tine
of magnification changing ar adjusting operation,
thereby nmaking it possible to attain conpact and high
magni ficati on zoom | ens systemin which novenent
guantity of the lens entire systemis relatively

small. Moreover, the fourth |l ense group GR4 is caused
o, he f gr 0; ely. abjd | [ ;
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have ability to attain high image formation
opepatidisparéered.especti ve of phot ographi ng di stance as
conpared to the conventional case where the first
iﬁﬂi g the second lens group is caused to be
@) ocC % %fgg%?{%n to further have ability to realize
m niaturized configuration of the drive mechani sm of
(2) Ny (Resuz [¥FGHB) Furthernore, since the focus group
can be noved at a high speed and with high stop
@9@* a | speed AF (Auto Focus) can be realized
(3)50 tﬁgﬁyﬁﬁgzt?%%ge formati on perfornmance can be
obt ai ned. The conditional formula (1) prescribes the
spachngtafetdnebove hat 1¢asstsixalessgumps renProyidedstcorhange
and GR2 in magnification changing or adjusting 12
ti f t | Qe ened gt t i
res FRTEL AR, BEOMD PRCHAZ R CURRS oF PR rt Sfangipe or
prescribes the spacing hetween the second and third )
adjisfing @PSASIOTGRICERY oRKINg 1hdpssible 40 Hkaie regpag #wd high
adj usting operation fromthe w de-angle end state up

magﬁiﬂéaﬁohewéﬁowxﬁ ePdest 8 whithemdvepsent §eAtityi 8Pahe lens

ornmul as are satisfied, great magnification changi ng

or adjustin .
entire sys{em is r%latively small. Moreover, the fourth lense group GR4 is

caused to be focus group to thereby have ability to realize miniaturized
configuration of the focus group and to have ability to attain high image
formation performance irrespective of photographing distance as compared to
the conventional case where the first lens group or the second lens group is
caused to be focus group, and to further have ability to realize miniaturized
configuration of the drive mechanism of the focus group. Furthermore, since
the focus group can be moved at a high speed and with high stop accuracy,
high speed AF (Auto Focus) can be realized so that high image formation
performance can be obtained.

The conditional formula (1) prescribes the spacing between the first

and second lens groups GR1 and GR2 in magnification changing or adjusting




action can be perfornmed fromthe w de-angle end state
up to the telescopic end state. The conditiona
formula (3) prescribes theispacing between the fifth
| ens group GRS and the sixth lens group GR6 in
magni fi cati on changing or adjusting operation from
the wi de-angle end state to the tel escopic end state.
When these conditional fornulas are satisfied,
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aberrations. It is desirable that the third and fifth
condigiomay forpala®) predcfes the spasingddtweondhpsggond ang third
on the optical axis in magnification changing or
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and fifth lens groups CR3, GR4 and GR5. If there is
frome riheoyede-anglenéndystatei wn te chavelescapict oud tskateendVhen upese

G4 serving as focus group thereanong, not only

con?f;t it ifﬁﬁlnufa%nﬁljegé’iti%ﬁieg[‘ lgﬁgﬁ?ﬁlﬁg ﬁonbﬁ{aél#?l?i%{ﬁ%ijusﬁng

ive 'positioning o , tourt
| ens groups GR3, GR4 and GR5 which are apt to be )
actiphgemobe penfarolesk fiose the wislerangle wnidngfase8pniesthestelescopic
easy. It is desirable that spacing between the third
end/sffle. group GR3 and the fourth I ens group GR4 and
spaci ng between the lens group GR4 and GRS satisfy

the followi ng conditional f I 4), (5. (4
DW( 3he) C@V&'pqiggahfo;mxlﬂa (%) prggg}ijbeassth(e gpac(mg) begwgeen the fifth

lens group GRS and the sixth lens group GR6 in magnification changing or
adjusting operation from the wide-angle end state to the telescopic end state.
When these conditional formulas are satisfied, magnification changing or
adjusting action can be exhibited while satisfactorily correcting various
aberrations.

It is desirable that the third and fifth lens groups GR3 and GRS are
moved in one body along on the optical axis in magnification changing or
adjusting operation. Thus, it becomes possible to constitute, by single cam
cylinder, the third, fourth and fifth lens groups GR3, GR4 and GR5. If there
is employed a configuration to move the fourth lens group GR4 serving as
focus group thereamong, not only mechanical configuration becomes easy, but
also relative positioning of the third, fourth and fifth lens groups GR3, GR4

and GR35 which are apt to be rigorous in tolerance in manufacturing becomes




(5) DW4-5) > DT(4-5) The conditional formula (4)
prescribes the spacing between the third |ens group
GR3 and the fourth lens grosip GR4 serving as the focus
group in magnification changing or adjusting
operation fromthe w de-angle end state up to the
tel escopic end state, and the conditional fornula (5)
prescri bes the spacing between the fourth |ens group
easGRA serving as focus group and the fifth group GR5 in
*agnification changi ng or adjusting operation fromthe
w de-angle end state up to the telescopic end state.
Wheilt ishésstrabdndhati spasing betweednatheatheérds knissfrioep, GRSt and the
only change of inage surface curvature by focusing is

roud B 5 R RERYALER, PG Kt Dagg s

at the time of focusing, but also change of spherical
satiglyethe dollowingkionditminat éotyulak 4hgdSpf obj ect | ens can
be satisfactorily corrected by changi ng spaci ngs

g\al t the focus lens group to thereby
@ ggjkg%ﬁ)e &a?’ggi in directions opposite to each other
to cancel them It is desirable that the fifth |ens
(5) PW(p-BRD'E(dednst i tuted by single |ens having at

| east one spherical surface, and the follow ng

oo St A el AR R SR e i

l ength at the wide-angle end state of the entire .
lens geugnGR3 and the fough4ens gigym Sik4 gewvimp asfthe facpegeoup 1n
group GR5 is caused to have at | east one non-spheri cal

ma%r;iﬁ%gﬁgrrlm %Eltaﬁgitrfg(oﬂlg %?f%%in%r@ﬁ&ﬁti% feheiheCRldAbREIe A PBtate
up to the telescopic end state, and the conditional formula (5) prescribes the
spacing between the fourth lens group GR4 serving as focus group and the
fifth group GRS in magnification changing or adjusting operation from the
wide-angle end state up to the telescopic end state. When these conditional
formulas are satisfied, not only change of image surface curvature by focusing
is suppressed while ensuring movement quantity of the fourth lens group GR4
serving as focusing lens group at the time of focusing, but also change of
spherical aberration taking place by change of object lens can be satisfactorily
corrected by changing spacings before and after the focus lens group to
thereby generate changes in directions opposite to each other to cancel them.

It is desirable that the fifth lens group GRS is constituted by single

lens having at least one spherical surface, and the following conditional




of focusing of the fourth lens group GR4 serving as

the focus group, whereby even when object distance is
. changed frominfinity to pgpximty, change of

spherical aberration is reduced so that satisfactory

i mage formation performances can be obtained at al

phot ogr aphi ng di stances. The conditional fornmula (6)

prescribes ratio between focal length of the fifth

oo G5 TR T A S PRI A GRS

system In the case where value of fwfg5 is -0.4 or
and lfecd  lengiadtithe wideengdé enthstate of thd entregyystam GREw.
becones too strong. As a result, inmage surface change

(6) Tc’(z%pit h&rfgﬁdggiespect to nmovenent quantity of the

foup serving as the focus group becones

large. This is not preferable froma viewpoint of AF
contthel fifthdemogeoyp GRS irecaused tovitmsiceatvighsicont nparspharical
is 0.4 or nore, it is necessary to weaken positive

f I - ' :
55 a8 ARG BHRLY o SBRCHERIBFTAESY bRA AR kB e
|l ens group GR4 at the tinme of focusing becones |arge.
of fatusng ofithe downth dens grougt GReesasming as &eofoom grpepswhereby

system becones difficult. It is desirable that when

eve gl RS e T By OBty iy, shpee o

w de-angle end state of the entire systemjs fw, and |
sphetiealf gibicowmtion ciendednesthl se ofthall satipiacterys amagy efprmation
(7) 0.2 < Twbf/fw < 1.2 The conditional formula (7)

. j i : ; ngth at the
e e Bk o B b0 e ene

entire . i
The conditional formula (6) prescribes ratio between focal length of

the fifth lens group GRS having weak refractive power and focal length at the
wide-angle end state in the lens entire system. In the case where value of
fw/fg5 is —0.4 or less, negative power of the fifth lens group GRS becomes too
strong. As a result, image surface change quantity with respect to movement
quantity of the fourth lens group serving as the focus group becomes large.
This is not preferable from a viewpoint of AF control. Moreover, in the case
where value of fw/fg4 is 0.4 or more, it is necessary to weaken positive power
of the fourth lens group GR4 serving as focus group. As a result, the movable
range of the forth lens group GR4 at the time of focusing becomes large. Thus,
miniaturization of the entirety of the lens system becomes difficult.

It is desirable that when back focus (air conversion length) at the




system at the w de-angle end state. Nanely, in the
case where value of Twbf/fwis 0.2 or less, |ow pass
filter (LPF) and/or infrargd (IR) shielding glass
become extrenely close to the inage pick-up device
surface, so dust attached to the LPF and/or the IR
shi el ding gl ass, and/or defect of the LPF or the IR
shiel ding gl ass becone apt to be conspicuous at the

il TR ST 3ng B EOKn AL BERFpA0E58 e o

becones large. As a result, not only mniaturization
the bettiensysterdii§ fvcand theoflloaving comalitionalifonmota Ghdadatisfied.
angl e becones difficult. The sixth |lens group GR6 at

a ]Iﬁgfl udeg,one negative |lens having negative
(7 b?ﬁ?g@% pol\?ver and one positive |ens having positive
refractive power which are arranged in order fromthe

obj dtk eirabtionaldformila {degiresdrilteest thet ratichbetwegneback focus
magni fication at the wi de-angle end state of the sixth

lenétﬁng‘t ﬁ{eo %@)d %%S% tselngffs&ge a:ng;eﬂgé)'fb@ﬂ g?l&gl?rlﬁ‘ H—lé:opls entire

| east one negative |ens having negative refractive
systouwert thed wode-angls ienidy statenNaneslyngn pbsi easge where value of
refractive power are prow ded in order fromthe 16

Twl@l%vf% Ghds 1] W?ﬁ%’gﬂ AEPEPARbA rﬁb’a?g@f(tiﬁ') Gflelding

he negative’ to suppress t
positive lens so that realization of broad angle
glasselensne eatiemaly| dosesprthesimagedpiakovp i daYiesh éurffa@qzosp dust

Thus, it is possible to allow incident angle onto the

attab@%@?@ Hié:t,P‘PparﬂﬁMi' e IR sﬁf‘el&ﬁ@ %1%3&”::111%1]‘@1I HefebDof the LPF or

tiron, it al so possib effectively correct

magni fication coI or
the IR shxeldmg glass become apt to be conspicuous at the time of minimum

iris. Moreover, in the case where value of Twbf/fw is 1.2 or more, the lens
front gem becomes large. As a result, not only miniaturization becomes
difficult, but also realization of broad angle becomes difficult.

The sixth lens group GR6 at least includes one negative lens having
negative refractive power and one positive lens having positive refractive
power which are arranged in order from the object side, and it is desirable that
when lateral magnification at the wide-angle end state of the sixth lens group
GR6 is Ptg6, the following conditional formula (8) is satisfied.

(8) 1.1 < Ptgb < 2.0
At least one negative lens having negative refractive power and one

positive lens having positive refractive power are provided in order from the




aberration. The conditional formula (8) prescribes the
| ateral magnification of the sixth lens group GR6 at
the tel escopic end state. Thus, since it is possible
to extend an inage at a stroke, the lens entire
system can be mniaturized. Moreover, since the sixth
| ens group GR6 has | arge magnification, even in the
case where | arge-sized i mage pick-up device is used,

o BISHETTRIERS 8348 p PSSRy B SRR

value of (3tg6 is 1.1 or |less, enlargement ratio by
to supprestthemehy treoposittrRe 1ens sedtwédiealization e@ﬁjlbroad]cﬂngle
only miniaturization of the Iens entire system

bec@ﬁfe%g&{%gd\k’hpb ggr?sllggﬁrg a s?@rtﬁinoﬁﬁérratﬁ OPHES if is possible to

case ere Va l'ue
(3tg6 is 2.0 or nore, assenbling accurac | enses
allove coeident angle @mt@oﬂl@wsnagmpskr@p sleviger e ée asngeforosmall. In
manuf acturing point of view The sixth |lens group GR6

add%?xlleq tig rb%d*dﬁéss%c}%e%t bi’i%ch%‘lﬁferl%‘{ 9 nl@eiéMfon color

f'acti ve powe a positive avi ng-positive
refractive power which are arranged in order fromthe
abegtisitiott side, and it is desirable that when |ateral
magni fication at the wi de-angle end state of the sixth

| ensp a@n?‘xggl%ﬁai ﬁ)rHl%la 3(3@ ﬁrestcg‘i%eg ohd PbRg rﬁ@élﬁf Ehﬁ@ﬁ"of the

formu I'S sat 1.05 < (3wgb

conditional _formula (9) prescribes nagnlflcatjon of
sixthnlensigtonp| €R§ atghsplesrapist endhstal- JEDH giRceeHds frogsible to
In the case where value of (3wg6 is 1.05 or |ess,

ext?xgﬁ 3{1%"}‘%%& 5241 Qrée,t HR nst BnlifNSySfeBValRBe | @iniaturized.
Moreover, since the sixth lens group GR6 has large magnification, even in the
case where large-sized image pick-up device is used, photographing up to
short-distance side can be made. Thus, closest range can be gained. In the case
where value of Ptg6 is 1.1 or less, enlargement ratio by the sixth lens group
GR6 is reduced. As a result, not only miniaturization of the lens entire system
becomes difficult, but also closest range is elongated. In addition, in the case
where value of ftg6 is 2.0 or more, assembling accuracy of lenses becomes
very rigorous. This is not preferable from a manufacturing point of view.

The sixth lens group GR6 at least includes a negative lens having
negative refractive power and a positive lens having positive refractive power

which are arranged in order from the object side, and it is desirable that when

lateral magnification at the wide-angle end state of the sixth lens group GR6 is




result, mniaturization of the lens entire system
beconmes difficult. Mdreover, in the case where val ue
of (3wg6 is 1.5 or nore, assenbling accuracy of |enses
becomes very rigorous, and it becones difficult to
ensure magni fication by novenent of the sixth |ens
group GR6. Thus, the lens entire system becones

large. It is desirable that at | east one of respective

el B0 o R Bl BB Rl (OB NART " on- spher | ca
surface. Thus, it is possible to effectively correct

(9 1:1[}§t<oﬁngn<db@rrati on or commtic aberration at the
wi de- angl e end state As aresult, it is possible to

att ;

desi PEPRCREHA FPPRRNE (O s BFboCIERRfRcatldy b the sixth lens

surfaces of Ienses constitutin he S|xth Iens gr oup
grol@RERE at dhe twidetanglbyendostasp Hor i a¢asguwhateevaluthaz£ Pwigb is

beconmes possible to effectlvely correct image surface

t
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system of the present |nvent|on and nunerij c_val ue
resudiptiodhiatnizetion afhtheneps gatire systaunbecemes didiudl: Moreover,

applied 18 to these enbodinents will now be expl ai ned
: ' r t .
in il e GHEERIEe 8 15001 |10 e SRR ER by b ences

and the non- spherical surface shaEe 'S represen%ed b
becomes fsry digergusothe 1h beepmer phiffagnlh tajensure magni Icanon by

movement of the sixth lens group GR6. Thus, the lens entire system becomes
large.

It is desirable that at least one of respective planes or plane surfaces of
lenses constituting the second lens group GR2 is constituted by non-spherical
surface. Thus, it is possible to effectively correct distortion aberration or
comatic aberration at the wide-angle end state. As a result, it is possible to
attain compactness and high performance.

It is desirable that at least one of respective plane surfaces of lenses
constituting the sixth lens group GR6 is constituted by non-spherical surface.
Thus, it becomes possible to effectively correct image surface bending or
curvature or comatic aberration at the peripheral range.

Three embodiments of the zoom lens system of the present invention

and numeric value embodiments in which practical numeric values are applied




22Yc +tEAZ Yy ...(1) 1+(1-(1+K).y2.c2) In the above
formula, y height in a direction perpendicular to the
optical axis x : distanceign the optical axis
direction fromlens surface summit point c : paraxial
curvature at lens summt point Kk : conic constant A

the i-th non-spherical coefficient. FIG 1 shows the
| ens configuration accordi ng to the first enbodi nment

to e g&gﬁgﬂgl;}gtgﬂggg%%?% Upldific® WAHF Lol IR “t{o BlgS. 140 12

first lens group GR1 havi ng p03|t|ve refractlve

andpkabdes 140décond | ens group GR2 havi ng negati ve
refractive power, a third Iens group GR3 having
posi e.refra h grou 4
Pavihgls1ad “BEarbteE BRFThopRpheEl sufhRelif 9?6‘? and the
group GR5 having negative refractive power,

nonsspltenidak nsirfroeu phgre 1hammgsamqbtby/dhﬁefcrlmmge fprmzelra (D
In rmagnification changing or adjusting operation from
the wi de-angle end state up to he tel escopic end
state, the respective |lens groups are noved on the
optical axis as indicated by solid lines fromthe

[Fosmalalkhown at the upper row of FIG 1 to the state
shown at the | ower row

2, 2

= Y i i vas 1
X (1 (1+K) )1/2 ZA ()

In the above formula,

y : height in a direction perpendicular to the optical axis

x: distance in the optical axis direction from lens surface

summit point

¢: paraxial curvature at lens summit point

k: conic constant

A': the i-th non-spherical coefficient.

FIG. 1 shows the lens configuration according to the first embodiment
of the zoom lens system of the present invention. There are arranged, in
order from the object side, a first lens group GR1 having positive refractive
power, a second lens group GR2 having negative refractive power, a third lens

group GR3 having positive refractive power, a fourth lens group GR4 having




The first lens group GRL is conposed of a connection

lens of a negative lens G| and a positive lens Gl12

whi ch are arranged in ordengfrom the object side. The

second lens group GR2 is conposed of a negative |lens

Gl4 havi ng conposite non-spherical surface at the

obj ect side, a negative lens Gl5, a positive |lens

Gl6, and a negative lens Gl7 which are arranged in

e bj | e e { i :

posfREAARR BR¥sPobdfin ul sl G JEy G ReBitHp rEietive

non-spherical surfaces at the both surfaces thereof,
povear, iandsa SixthahehsagreyatGRe hansg Glagasiviecrefeacéivar pawgsd In

in order fromthe object side. The fourth |ens group

fchod SRERIFEOL M FAR Rty 90 05 iERhYiE s

group GRS is conprised of a negative |ens Gl12 having
up tohestelescopil eadrtatce shatrespretivb] keos godps araenogestdn the
| ens group GR6 is conposed of a negative |lens GL13,

_ oS il _ . - o
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t he object side. Mdireover, in the first enbodi nent and

of KRk 1dedbedtain dhowirad tho lowabist.nent s which will be

described |ater, a parallel plane-plate shaped
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surface of the zoomlens systemand the I nmage pick-up
surface MG In this exanple, as the |owpass, filter

negppre lemefd lcand Bepesipy e densaCdduwhichy are aganged iy peder from

| ow-pass filter using, as material, quartz having a

the bYEk ¥id@X1 TheisbE6hd BhsPSiokis! GRY R &ﬁn?osd&f seatRipatiRedens

iTection, and phase-type | ow pass filter adapted for
at t aj ni ng, . . . . .
G14 having composite non-spherical surface at the object side, a negative lens

G15, a positive lens G16, and a negative lens G17 which are arranged in order
from the object side. The third lens group GR3 is composed of a positive
lens G18 having non-spherical surfaces at the both surfaces thereof, an iris S,
and a negative lens G19 which are arranged in order from the object side.
The fourth lens group GR4 is comprised of a connection lens of a positive lens
G110 and a negative lens G111. The fifth lens group GRS is comprised of a
negative lens (G112 having non-spherical surfaces at the object side. The
sixth lens group GR6 is composed of a negative lens G113, and a positive lens
G114 having non-spherical surface at the object side which are arranged in
order from the object side.

Moreover, in the first embodiment and the second and third




by diffraction effect, required optical cut-off
frequency characteristic. Values of various el enents
of nuneric val ue enbodi nenggl in which practica
nuneric values are applied to the above-descri bed
enbodi nent is shown in Table 1. In the various

el ements Tabl es of the nuneric value enbodinent 1 and
respective nuneric val ue enbodi nents which will be

e UMy e e

curvature of radius of the i-th plane surface, D
lowipedis daltexsLBKiialinsqréai betwestnvihenlasthienis-sunfask arfeths urcfoee dens
and the (i+1)-th plane surface, Nd indicates

refraective | X AWM to i =

sysisft AT BonBE B Rub AR TR P (s bhE, REs g hass
the object side, and Vd indicates Abbe nunber with

filter dsPlgtheteocahn be rappliedrd toulkelenmfiactian thpeiloy-pass filtethusing,
pl ane surface at the object side. Moreover, plane

i ndi e ’ ad N - | cal y;surface.

o itbftr S, BiVing °F NERREL R RATIOFRpd Rl 16 be o
[ Table 1] PLANE R D Nd Vvd NO 1 500.000 1.8000 1.8467
pred8eiamed2ditodtion ansl pledsertypedowtpasoiilien adgped4ey attaining,
0.200 4 75.849 4.843 1.8350 42.984 5 236.882 variable

by diffraction effect, required optical cut-off frequency characteristic.

Values of various elements of numeric value embodiment 1 in which
practical numeric values are applied to the above-described embodiment is
shown in Table 1. In the various elements Tables of the numeric value
embodiment 1 and respective numeric value embodiments which will be
explained later, plane No. indicates the i-th plane or plane surface from the
object side, R indicates curvature of radius of the i-th plane surface, D
indicates axial spacing between the i-th plane surface and the (i+1)-th plane
surface, Nd indicates refractive index with respect to d line (A = 587.6 nm) of
nitric material having the i-th plane surface at the object side, and Vd indicates
Abbe number with respect to d line of nitric material having the i-th plane

surface at the object side. Moreover, plane indicated at ‘ASP’ indicates

non-spherical surface. Curvature of radius ‘INFINITY indicates plane.




6 688.988 ASP 0.200 1.5273 44.348 7 125.517 1.600
1.8350 42.984 8 16.547 8.068 9 -75.218 1.100 1.8350
42.984 10 35.720 1.206 11287.867 4.619 1.8467 23.785
12 -62.091 1.282 13 -38.000 1.100 1.8350 42.984 14
-60.969 variable 15 17.363 ASP 4. 662 1.5831 59.461 16
-44.488 ASP 2.500 IRIS INFINITY 3.000 18 29.129 1. 200
1.9229 20.880 19 15.230 variable 20 24.413 5. 336
[Th&%4ﬂ7o 81.608 21 -13.540 0.900 1.8340 37.345 22
-21./800 variable 23 -34.509 ASP 2.000 1.8061 40.734

AAT727 riadle 25 -13.904 000 1.8 37.345
§$§%§g%.527 0.100 27 23.310 ASP S.g%l 1.846$4g3.785 vés
1 500.000 1.8000 1.8467 23.785
2 101.447 5.091 1.7725 49.624
3 1900.437 6.200
4 75.849 4.843 1.8350 42,984
5 236.882 variable
6 688.988 ASP 0.200 1.5273 44348
7 125.517 1.600 1.8350 42.984
8 16.547 8.068
9 ~75.218 1.100 1.8350 42.984
10 35.720 1.206
11 37.867 4.619 1.8467 23.785
12 -62.091 1.282
13 -38.000 1.100 1.8350 42.984
14 -60.969 variable
15 17.363 ASP 4.662 1.5831 59.461
16 —44.488 ASP 2.500
IRIS INFINITY 3.000
18 29.129 1.200 1.9229 20.880
19 15.230 variable
20 24.413 5.336 1.4970 81.608
21 —13.540 0.900 1.8340 37.345
22 -21.800 variable
23 -34.509 ASP 2.000 1.8061 40.734
24 44727 variable
25 -13.904 1.000 1.8340 37.345
26 —128.527 0.100
27 23.310 ASP 3.031 1.8467 23.785
28 —1000.000 variable
29 INFINITY 2.820 1.5168 64.198
30 INFINITY 1.000
31 INFINITY 0.500 1.5567 58.649
32 INFINITY 1.000
i INFINITY

In accordance with change of lens position state from the wide-angle




28 -1000. 000 variable 29 INFINITY 2.820 1.5168 64. 198
30 INFINITY 1.000 31 INFINITY 0.500 1.5567 58.649 32
INFINITY 1.000 i INFINITY bBp accordance with change of
| ens position state fromthe w de-angle 22 end state
up to the telescopic end state, spacing D5 between the
first lens group GRI and the second | ens group GR2,

spaC|ng D14 between the second |ens group GR2 and the

endlt gﬂﬁlged 4P oupﬂ%(?g&%rsf%ﬁ @Iﬁg e{@% %«?CIR%:%SJE Snttjﬂ rﬁrst lens

D22 betvveen the fourth lens group G4 and the flfth
groliprGRdraovbtheR&congdens gr@gn Gied vepaninghp 14f bétweenghe second
group GRS and the sixth lens group GR6, and spacing

en Bl LS 0 (1 0k SERAELRR 000 D BB

at wi de-angle end state of the respective spacings,
lens rgreupredR3t end dbal fobathgltans bgtonper R espaicireg dn detween the
state and the telescopic end state are shown toget her
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ﬁfth lens group GRS and the sixth lens group GR6, and spacing D28 between
the sixth lens group GR6 and the low-pass filter LPF. In view of the above,
respective values at wide-angle end state of the respective spacings,
intermediate focal length between the wide-angle end state and the telescopic

end state are shown together with focal length f, F number Fno. and half

picture angle .

[Table 2]

f 14.74 33.96 78.21
Fno. 2.87 4.06 5.04

) 42.56 20.75 9.27
D5 1.000 15.734 50.015
Di4 29.974 8.438 1.000
D19 7.455 6.598 5.852
D22 3.896 3.955 1.500
D24 5.050 6.514 7.518
D28 5.000 17.557 30.785

Respective lens plane surfaces of the sixth plane, the 15-th plane, the

16-th plane, and the 23-th plane are constituted by non-spherical surface.




w 42.56 20.75 9.27 D5 1.000 15.734 50.015 D14 29.974
8.438 1.000 D19 7.455 6.598 9.852 D22 3.896 3.955
1.500 D24 5.050 6.514 7.528 D28 5.000 17.557 30.785

Respective | ens plane surfaces of the sixth plane,
the 16-th pl ane,
constituted by non-spheri cal

15-th pl ane,

Non- spheri cal

Noﬁrjo“%

ertél %

ESIn

h

eri cal

23

t he

and the 23-th plane are
surface.
coefficients are as shown in Table 3.
efﬁcmnté Brd Res
i'cating non-sp
represents exponenti al
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coefficients
represent ation having 10 as

Tabigms?, apd ethe oblowingolablesaipdicating. nogsphepsal coefficients
[Tabl e 3] PLANE K A A A8

represents

©0.12345x 10-5'

O 2E.r. is
reprifhys) Bxpéhehl e @8%351%%9?’**5 e ing 0> Hhd: 1E2E1G™. For
2.916E-10 -8, 762E-13 16 oooe+oo_ 538E- 05
exanmple4Oel 8 651 represents 60223652397, 000E+00 7. 124E- 05

-2.204E-07 1. 241E-09 4.679E-13 27 0. 000E+00
-9.611E-05 5. 149E-07 -2.641E-09 6. 244E-12

[Table 3]

PLANE [K A? A® A® Al

No.

6 0.000E+00 | 1.492E-05 | —2.805E-08 | 4.172E~11 | -3.731E-14
15 0.000E+00 | —2.686E-05 | ~4.953E-08 | 2.916E-10 | -8.762E-13
16 0.000E+00 | 1.5386-05 | —2.549E—08 | 2.661E~10 | 0.000E+00
23 0.000E+00 | 7.124E-05 | —2.204E-07 | 1.241E-09 | 4.679E-13
27 0.000E+00 | —9.611E-05 | 5.149E—07 | —2.641E-09 | 6.244E-12

Various aberration diagrams in the infinity far in-focus state of the
numeric value embodiment 1 are respectively shown in FIGS. 2 to 4. FIG. 2
shows various aberration diagrams at wide-angle end state (f = 14.74). FIG. 3
shows various aberration diagrams at intermediate focal length (£=33.96)
between wide-angle end state and the telescopic end state, and FIG. 4 shows
various aberration diagrams at the telescopic end state (f=78.21)

In the respective aberration diagrams of FIGS. 2 to 4, in the case of
the spherical aberration, ratio with respect to open F-value is taken on the
ordinate and defocus is taken on the abscissa, wherein solid line indicates

spherical aberration at d line, single-dotted lines indicate spherical aberration




Various aberration diagranms in the infinity far
in-focus state of the nuneric value enbodinent 1 are
respectively shown in FIG242 to 4. FIG 2 shows
vari ous aberration diagrans at w de-angle end state (f
= 14.74). FIG 3 shows various aberration diagrans at
internmedi ate focal length (f=33.96) between
wi de-angl e end state and the tel escopic end state, and
: [
at GifE I B SRR Bh PR A IER Bt B the case of
aberration diagrams of FIGS. 2 to 4 in the case, of
astigimatisphémagal heaght isataken, orr the ordinate ard pex foqus sp@Ker on
-value is taken on the ordinate and defocus is taken
0 . e . ¥
the 3050, FRGERF Solid ULy Infftalct of D tﬂpgﬁ%@?f‘idﬁ&“ fines
|nd|cate spherical aberration 24 at C |ine,
M iddicatas menidonphinage sudipeerinctie caseraiadisiontion a@erraﬂ@n the
In the case of astigmatism inmage height is taken on
[ absci ssa,
o B e e B B 7 mmge anc
dotted lines M |nd|cates meri donal inage surface,

t he Ie dbe nemetics v ahuei BAbadisrat i, &, shoren pthe fbles 10 and 11
i ndi cates image height and the abscissa indicates %

whlhﬂ vmleb@ Sﬂ'&?&l‘iﬁed’ pltae tﬁ@’@@ﬁ&ilfﬁﬁ‘xtai Torm38las oy (B zﬁﬂéesatisﬂed

les 1 be descri bed | ater,
condltlonal formulas (1) to gre satisfied.
Morgsveby és, SREWhoin tha Wﬁ@epeg%ea erfatighefragragys, respective

di agranms, respective aberrations are all corrected in

abepalibn®arangedoresRar indivellialvhelet anglr etdheShRletangle end
I ntermedi ate focal Iength bet ween w de-angl e end st ate

and tel escopi.c e t and.t he tiel es& i C e%
statg4 Hitermediate focal lengt etwecn wide-angle end state and telescopic

end state, and the telescopic end state.

FIG. 5 shows the lens configuration according to the second
embodiment 2 of the zoom lens system of the present invention. A first lens
group GR1 having positive refractive power, a second lens group GR2 having
negative refractive power, a third lens group GR3 having positive refractive
power, a fourth lens group GR4 having positive refractive power, a fifth lens
group GR5 having positive refractive power, and a sixth lens group GR6
having negative refractive power arc arranged in order from the object side.
In magnification changing or adjusting operation from the wide-angle end
state up to the telescopic end state, the respective lens groups are moved on

the optical axis, as indicated by solid line, from the state shown at the upper




FIG 5 shows the lens configuration according to the
second enbodinent 2 of the zoomlens system of the
present invention. A firstztens group GR having
positive refractive power, a second |ens group GR2
having negative refractive power, a third | ens group
GR3 having positive refractive power, a fourth |Iens
group GR4 having positive refractive power, a fifth
Vi bt ctive power, and
rowg%2$§%%§ﬁéﬁ%ﬁ§$%%%§%ﬁ%ﬁﬁﬁgy%%%ﬁﬁggéyﬁve refractive
power are arranged in order fromthe object side. In
magfitfei Gasti demsc e gRor isadpuposed aper eenmastionotenshe!l a
wi de-angle end state up to the telescopic end state,
r Ve : I on .k [
neghifFe "IE3E T2 40 TS HCLENT AL HRE L PoRfing, RPL Efich arc
at the upper 25 rowof FIG 5 up to the state shown .
arragigedhim looder fraow. thehebfdat ssideend hgr segondRiens growpdoBd is
of a connection lens of a negative lens &1 and a
Ity I : it d ' .
confAell % rRE3NE dens COEPRAT LRLIAS nOHLPRERCE! surface at
lens group GR2 is { conposed of a negative |ens G4
the ledyeatpidonpeennectinn lenshelr hmgasive flase GIS and aoppstve lens
side, a connection lens of a negative |ens &5 and a
0S4 i,V n ti 3 '
G2l A B e B oL TRRA LS et ile (Y s POfyglheaof a
havi ng non-spherical surfaces at both surfaces
posiths ks, G328 having monasiphegicad gariages 26 Moticsurizges thegeef, an

arranged in order fromthe object side. The fourth

iris ISR mRYR R ferlsSG2ONPHicH e AfraBg6Q M BEddrdRoinaRe dhfjed side.

positive~l ens

The fourth lens group GR4 is comprised of a connection lens of a positive lens
S210 and a negative lens G211. The fifth lens group GR35 is comprised of a
negative lens G212 having non-spherical surface at the object side. The
sixth lens group GR6 is composed of a negative lens G213, and a positive lens
(G214 having non-spherical surfaces at both surface sides thereof which are
arranged in order from the object side.

Values of various elements of numeric value embodiment 2 in which
practical numeric values are applied to the second embodiment is shown in

Table 4.




S210 and a negative lens &11. The fifth |l ens group

GR5 is conprised of a
non- spheri cal

The

negative |l ens &12 having
surface at the object side.

si xth

| ens group GR6 is conposed of a negative |lens (213,

and a positive |lens

&14 havi ng non-spheri cal

surfaces at both surface sides thereof which are

arranged in order fromthe object side.

Val ues

of

Ta%rﬁi ous el enents of nuneric value enbodinent 2 in
c] nunmeric values are applied to the

practi cal

PL%% errbo ment] is shown in Tgble @4. d [ Tabl e ¢}
NO R D Vd iINO 1 500.000 1.700 [1. 8467 23.[/185 2
89.433 4,558 1,.7292 54 674 | 3 30368. 607 0. 200 41 63.257
4115 1. 82000984 5 236,092 MAPD abl e 684693 766 ABB8S
0.2Q0 1.53®D.433 207 7 165.419 45580 (1. 8B33R922. 984 58674
T6. 344 [AGHER By7 06, 815 1. 100 L.$3pQ 42. 984 10 BI. 665
T 1 0763.357 Y 4.175 1.8350 42.984
5 236.092 variable
6 —893.766 ASP 0.200 1.5361 41.207
7 165.419 1.500 1.8350 42.984
8 16.144 7.827
9 -66.815 1.160 1.8350 42.984
10 31.665 5.303 1.8467 23.785
11 ~41.056 1.173
12 -30.000 1.100 1.8350 42.984
13 -67.131 variable
14 16.904 ASP 3.476 1.6180 63.396
15 —42.387 ASP 2.500
IRIS INFINITY 3.000
17 30.101 0.900 1.9229 20.880
18 15.438 variable
19 24.046 4.988 1.4970 81.608
20 -12.476 0.900 1.8350 42.984
21 -19.662 variable
22 ~18.069 ASP 1.600 1.8061 40.734
23 -24.363 variable
24 -11.833 1.000 1.7292 54.674
25 -343.116 0.200
26 20.764 ASP 3.700 1.5831 59.461
27 -120.143 ASP variable
28 INFINITY 2.820 1.5168 64.198
29 INFINITY 1.000
30 INFINITY 0.500 1.5567 58.649
31 INFINITY 1.000
IMG INFINITY

In accordance with change of the lens position state from the




11 -41.056 1.173 12 -30.000 1.100 1.8350 42.984 13
-67.131 variable 14 16.904 ASP 3.476 1.6180 63.396 15
-42.387 ASP 2.500 IRIS I NFENI TY 3.000 17 30.101 0.900
1.9229 20.880 18 15.438 variable 19 24.046 4.988
1.4970 81.608 20 -12.476 0.900 1.8350 42.984 21

-19. 662 variable 22 -18.069 ASP 1.600 1.8061 40.734

23 -24.363 variable 24 -11.833 1.000 1.7292 54.674 25

o S e B SRR s SR by e

29 INFINITY 1.000 30 INFINILTY 0.500 1.5567 58.649 31
first Nmsy\grpuplG&joanqi/@c NeromdYens group GR2, spacing D13 between

the second lens group GR2 and the third lens group GR3, spacing D18
between the third lens group GR3 and the fourth lens group GR4, spacing D21
between the fourth lens group GR4 and the fifth lens group GRS, spacing D23
between the fifth lens group GRS and the sixth lens group GR6, and spacing
D27 between the sixth lens group GR6 and the low-pass filter LPF are
changed. In view of the above, various values at wide-angle end state of the
respective spacings, the intermediate focal distance between the wide-angle
end state and the telescopic end state, and the telescopic end state are shown

in Table 5 together with focal length, F number Fno. and half picture angle w.

[Table 5]

£ 1473 33.94 78.21
Fro. 2.887 4214 4.965
© 42,51 21.12 9.27
D5 1.000 8.134 39.832
D13 27.079 15.812 1.000
D18 6.737 5.767 8.220
D21 2.984 3.953 1.500
D23 5211 7.054 8.548
D27 5257 18.692 29.167

15-th plane, the 22-th plane, the 26-th plane and the 27-th plane are

Respective lens plane surfaces of the sixth plane, the 14-th plane, the




In accordance with change of the |l ens position state
fromthe 27 w de-angle end state up to the tel escopic
irst lens group

end state,

spaci ng D5 betwa®&n the f
GRI and the second | ens group GR2,

spaci ng D13 bet ween

the second |l ens group GR2 and the third | ens group
spacing D18 between the third I ens group GR3 and

GR3,

the fourth I ens group GR4,
1t
conétgggdﬁngygg%ﬁ% a3ty
sixth lens group GR6,

etween t

i fth

spacing D21 between the
%@Q%.t hNO&l'—ééfH%fiC%ﬂ%O@ffRﬁ'&lt%e shown

e | ens group GR5 and the
and spacing D27 between the

in thg Yeblei®ns group GR6 and the | owpass filter LPF are

changed.

f.ap.al |

In view of the above,
wi de-angl e end state of the
i nt ermredi ate focal

2

various val ues at
respecti ve spacings, the
di stance between the w de-angle
end state and the tel escopic end state,
[Tablgidscopi c end state are shown

and the
in Tabl e 5 together
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PDL8.83 913085

. 5.682B-2R0

_BRI54E-14

‘f496

0?000E+00 ]

UG 2358 5

F13.7678208

-PAR4E--10

~7.491E-12

15 0.000E+00 | 1.411E-05 | 2.309E-08 | -5.174E-10 | 0.000E+Q0

22 0.000E+00 | 1.125E~04 | —4.595E-07 | 2.679E09 | 7.513E-14

26 0.000E+00 | —1.580E-04 | 6.546E~-07 | -4.596E-09 | 1.213E~11

27 0.000E+00 | -2.899E-05 | —2.000E-07 | 0.000E+00 | 0.000E+00

Various aberration diagrams in the infinity far in-focus state of the
numeric value embodiment 2 are respectively shown in FIGS. 6 to 8. FIG. 6
shows various aberration diagrams at the wide-angle end state (f = 14.73), FIG.
7 shows various aberration diagrams at intermediate focal length (f = 33.94)
between the wide-angle end state and the telescopic end state, and FIG. 8
shows various aberration diagrams at the telescopic end state (f = 78.21).

In the respective aberration diagrams of FIGS. 6 to 8, in the case of
the spherical aberration, the ordinate indicates ratio with respect to open
F-value, the abscissa indicates defocus, solid line indicates spherical
aberration at d-line, single dotted lines indicate spherical aberration at C line,
In the case of

and dotted lines indicate spherical aberration at g-line.

astigmatism, the ordinate indicates image height, the abscissa indicates focus,




D27 5.257 18.692 29.167 Respective | ens plane surfaces
of the sixth plane, the 14-th plane, the 15-th pl ane,
the 22-th plane, the 26-th2®pl ane and the 27-th pl ane
are 28 constituted by non-spherical surfaces.

Non- spherical coefficients are showmn in the Table 6.

[ Table 61 PLANE K A A A8 A NO 6 0.000E+00 1.827E-05
-3.819E-08 5. 782E-11 -5.154E-14 14 0. 000E+00

. . - _— . _ - 9 . . .
ol e i, SERASRE AR {odinds i o e
0. 000E+00 1.125E-04_ -4.595E-07 2.679E-09 7.513E-14 26
merglionglEpage sudaoE- oln ¢he gese 0F distosiagEabgrrationgthel prdinate

27 0. 000E+00 -2.899E-05 -2. 000E-07 0. 000E+00 0. 000E+00
indi¥Afe ?Hl%g@th%ﬁ mtar@%@'a%@emmmcﬁtEF gnfinity far

In-focuS state of the numeric value enbodi nent 2 are

respectively shown in FIGS. 6 to 8 FIG 6 shows

var Ibilke BBBIerist Yaue eridimsnae, enshoaendhgl labegsgl0 and 11

state (f = 14.73), FIG 7 shows various aberration

whiélh 86112958 dadcritierai@diat Bon@tidhal £A9ITas {1 Fto38)94E satisfied.

between the w de-angle end state and the tel escopic

end state, and FIG_ 8 shows varjous_ aberration ,
Mogoxghars ahOYHe ipelthe cEpPECre dbgfralion diaggams) reppective

the respective aberration diagrans of FIGS. 6 to 8, in
abefrBBok@3e Al corrected in well-balanced manner at the wide-angle end

state, the intermediate focal length between the wide-angle end state and the
telescopic end state, and the telescopic end state.

FIG. 9 shows the lens configuration according to the third embodiment
3 of the zoom lens system of the present invention. A first lens group GR1
having positive refractive force, a second lens group GR2 having negative
refractive force, a third lens group GR3 having positive refractive force, a
fourth lens group GR4 having positive refractive force, a fifth lens group GRS
having positive refractive force, and a sixth Iens group GR6 having negative
refractive power are arranged in order from the object side. In magnification
changing or adjusting operation from the wide-angle end state up to the
telescopic end state, the respective lens groups are moved, as indicated by
solid line, from the state shown at the upper row of FIG. 9 up to the state
shown at the lower row.

The first lens group GR1 is comprised of a positive lens G31. The




t he spherical aberration, the ordinate indicates ratio
W th respect to open F-value, the abscissa indicates
defocus, solid line indicases spherical aberration at
d-line, single dotted lines indicate spherica
aberration at Cline, and dotted lines indicate
spherical aberration at g-line. In the case of
astigmatism the ordinate indicates imge height, the
' ohRohRat 8S il i p ndi
sec e o DG R B e YR §P g Rl 1S Gadiidiye fens
meri dional image surface. In the case of distortjion
G3%bavingtqanpositfenendpherieal swthcsatdbeiimage $ide.gid apgsitive
the abscissa indicates % In the nuneric val ue

e dj ' : nd 1 i
LenCOBAYHTH afe afhnBPai e} PO ABLEDITE HAE. T Hhelif lens
to (9) are satisfied. Mreover, as shown in the
groume‘é%%as gempweed &f iaoposdiing dens G3pdepang inpa-spherical surfaces

aberrations are all corrected in well-bal anced manner

at b?ﬂ] Liiga d8edngl Eriese!\?\jdanétaq{e%aﬁtvﬁ%hi‘tgm@ﬂiéi Srel f¢Ahged in

engt et ween t de- angle end state and the

t el esco&i c end state, and the_tel escopic end state.
ordgr trony the ebdeathaideend heofruriudens srout SRAitngamapkisesl of a

third enbodinent 3 of the zoom | ens system of the

conREQRRN ledsY LA pAItivA 16h] €137 8AG DhepRitRlensn@B8NY The fifth
positive refractive force, a second | ens group GR2

havi ng negative refractive force, a thictd Jens group.
lenscepupa (s Iéacfﬁmpﬂéef{ @% rlEELYEVE ?%%égj Elf**‘ESH‘rgt Ho%g@ﬁxencal

group GR4 having positive refractive force, a fifth
surfh€@sat GHRUBbL{eR® sil@Vvi Mhepsith il¥@s r@blipcGREE i Wodgposeadof a

a sixth lens group GR6 having negative refractive
negﬁ%ﬁ ﬁqq%g(g@ﬁéag rf)%%gtixlfenle%rsdagli ra(r)lH] at 5gsi%?ﬂeﬁgrtls 83(13 wﬁ'xri]ch are
arranged in order from the object side.

Values of various elements of the numeric embodiment 3 in which

practical numeric values are applied to the third embodiment are shown in

Table 7.




changi ng or adjusting operation fromthe w de-angle

end state up to the
respective |l ens groups aresnoved,
fromthe state shown at the upper row of
shown at the |ower row. The

solid |

FIG 9 up to the state

i ne,

tel escopic end state,

t he

as indicated by

first lens group GR1 is conprised of a positive |ens
&31. The 30 second lens group GR2 is conposed of a
[Taﬁl%ﬁ@t ive lens G2, a negative lens G33 having
conposi te non-spherical surface at the inmage side, and
PL@IEIEOS' fiveRr I ens |G34 which |arerranded Ng order fygm
I R S DA e
at_bot h 4#3%ce dides. an 19908 and bARéat i ve/dARE
G362whi| @328r@B%r rlanged i n |orat@blé r om t he obj ectt si de.
The:;fou@gﬁ?zeps group G4 1is| oQopr ! se(_jll.gg_i@ 42.984
I\,:lnlélc;i ;rglm%%”?i ;_llL hcl {J;zlcll V@é ll-,'llb \ r—amnd cl. negatrve
negati védA.@PE 39 havi ng ndnt-3B8eri cal 1-8§§5f acel 42.98he
obj gct |98d@20 The |si xth | ens @POOP GRG 1.836bnposiedl] .807a
NegF I VO 208 TASp POSTIIygehens GBIl andal
P o8 oby 40T ge- Ivaluea of \dedua o loho228 or 23,88
nunBri g &R nent 3 i n whicrarighlectijcal nunerifc
valges |arge23ppl i edASP the t . odgenbodi neBBlare |sipusl
M1 73980405 TASP' € 71 13427
IRIS INFINITY 3.000
13 27.824 0.900 1.9229 20.880
14 14.769 variable
15 25.530 4.800 1.4875 70.441
16 —11.175 0.500 1.8042 46.503
17 —18.168 variable
18 -43.645 ASP 1.600 1.5831 59.461
19 —-100.000 variable
20 ~13.656 1.000 1.8061 33.269
21 09.385 1.011
22 -166.154 2.977 1.7020 40.196
23 ~26.038 0.200
24 -46.145 3,229 1.9229 20.880
25 —144.316 variable
26 INFINITY 2.820 1.5168 64.198
27 INFINITY 1.000
28 INFINITY 0.500 1.5567 58.649
29 INFINITY 1.000
IMG INFINITY

In accordance with change of lens position state from the wide-angle

end state up to the telescopic end state, a spacing D2 between first lens group




PLANE R D NT7 Vd NO. 1 74.828 6.000 1.4875 70.441 2
2323.689 variable 3 194.721 1.200 1.8350 42.984 4
18.739 6.801 5 69.005 1.3042 1.8350 42.984 6 28.020
0.200 1.5361 41.207 7 21.464 ASP 3.464 8 39.064 3.427
1.9229 20.880 9 167.403 variable 10 16.232 ASP 4. 078
1.5831 59.461 11 -70.493 ASP 3.427 IRIS INFINITY
3.000 13 27.824 0.900 1.9229 20.880 14 14.769

GRY Wy Bpulshs i TR apine 10 Bfedsectdnd i erou
ASP 1.600 1.5831 59.461 19 -100.000 vari able 20
GR2 1ad6bAd1e09@rdus(R3,38 spadng D14 between third lens group GR3
and fourth lens group GR4, a spacing D17 between fourth lens group GR4 and
fifth lens group GRS, a spacing D19 between the fifth lens group GRS and
sixth lens group GR6, and a spacing D25 between the sixth lens group GR6
and low-pass filter LPF are changed. In view of the above, respective values
at wide-angle end state of the respective spacings, the intermediate focal
length between the wide-angle end state and the telescopic end state, and the

telescopic end state are shown together with focal length f, Fnumber Fno. and

half picture angle .

[Table 8]
f 14.73 32.05 69.72
Fro. 2.879 3.694 1.726
W 42581 21.778 10.471
D2 1.000 22.453 52.494
D9 42.096 14.570 1.000
D14 5.133 5911 8.837
D17 5.203 4425 1.500
D19 4232 8.584 16.240
D25 2.500 9.801 20.093

Respective lens plane surfaces of the 7-th plane, the 10-th plane, the
11-th plane and the 18-th plane are constituted by non-spherical surface.

Non-spherical coefficients are shown in Table 9.




21 99.385 1.011 22 -166.154 2.977 1.7020 40.196 23
-26.038 0.200 24 -46.145 3.229 1.9229 20.880 25
-144.316 variable 26 I NFI NsJY 2.820 1.5168 64.198 27
I NFINITY 1.000 28 INFINITY 0.500 1.5567 58.649 29
INFINITY 1.000 IMG INFINITY I n accordance wi th change
of lens position state fromthe wi de-angle end state
up to the telescopic end state, a spacing D2 between
first lens group 32 GR1l and second |l ens group GR2, a
spaci ng D9 between second lens group GR2 and third
| ens group GR3, a spacing D14 between third |l ens group
[Tatde®] and fourth lens group GR4, a spacing D17 between
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telescopic end state are shown together wth focal
| ength f, Fnunber Fno. and

Various aberration diagrams in the infinity far in-focus state of the
numeric value embodiment 3 are respectively shown in FIGS. 10 to 12. FIG
10 shows various aberration diagrams at wide-angle end state (f = 14.73), FIG
11 shows various aberration diagrams at the intermediate focal length (f =
32.05) between the wide-angle end state and the telescopic end state. FIG. 12
shows various aberration diagrams at the telescopic end state (f = 69.72).

In the respective aberration diagrams of FIGS. 10 to 12, in the case of
the spherical aberration, ratio with respect to open F value is taken on the
ordinate and defocus is taken on the abscissa, wherein solid line indicates
spherical aberration at d line, single dotted lines indicate spherical aberration
at C line, and dotted lines indicate spherical aberration at g line. In the case
of astigmatism, the ordinate indicates image height, the abscissa indicates
focus, solid line § indicates sagittal image surface, and dotted lines M
indicates meridional image surface. In the case of distortion aberration, the

ordinate indicates image height, and the abscissa indicates %.




hal f picture angle w. [Table 8] f 14.73 32.05 69.72
Fno. 2.879 3.694 1.726 w 42.581 21.778 10.471 D2
1. 000 22.453 52.494 D9 424096 14.570 1.000 D14 5.133
5.911 8.837 D17 5.203 4.425 1.500 D19 4.232 8.584
16.240 D25 2.500 9.801 20.093 Respective |lens plane
surfaces of the 7-th plane, the 10-th plane, the 11-th
pl ane and the 18-th plane are constituted by
nony h t
shomfiﬂ*.ﬁn ﬁﬂ'ﬁ%%ﬁé“ﬁ‘%‘éﬁlb@%@“% %p*t‘%ﬁé“&ﬁ%ﬁ%"%@% f a1l
' 0. 000E+00 - 498E-05 - 3. 086E-08 9. 062E:-1

whiclp wzlill:e- d@scrzt@ddammmﬁocpn@lgn@léqymmas (%17)4@6?8 are satisfied.

-3.312E-10 1. 602E-12 11 0. 000E+00 1. 348E-05 8. 672E-09

Mor:eiy - Es oéh(gwgogﬁ g%t%%%?%%i&n@'aggams respective

aberrations are all corrected in a well-balanced manner at the wide-angle end
state, the intermediate focal length between the wide-angle end state and
telescopic end state, and the telescopic end state.

Values corresponding to the conditional formulas (1) to (5) of the
respective numeric value embodiments 1 to 3 are shown in Table 10.
Moreover, values corresponding to the conditional formulas (6) to (9) are

shown in Table 11.




Various aberration diagranms in the infinity far
in-focus state of the nuneric value enbodinment 3 are
respectively shown in FIGS3510 to 12. FIG 10 shows
vari ous aberration diagrans at w de-angle end state (f
= 14.73), FIG 11 shows various aberration di agrans

at the internedi ate focal |

ength (f = 32.05) between

the wi de-angle end state and the tel escopic end state.

shows vari ous aber
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3 5.203 1.500
Formula (5) DW (5-6) DT (5-6)
1 4.050 6.518
2 4.211 7.548
3 3.536 15.543
[Table 11]

Formula(6) Formula(7) Formula(8) Formula(9)
Numeric Value fw/fg5 Twbf/fw Btgb Bwgb
Embodiment
I -0.0718 0.622 1.578 1.198
2 -0.1513 0.955 1.408 1.174
3 -0.1102 0.693 1.408 1.300

It is to be noted that while respective lens groups of zoom lenses

shown in the respective embodiments

are constituted only by refraction type




Val ues corresponding to the conditional fornulas (1)

to (5) of the respective nuneric value enbodi nents 1
to 3 are shown in Table 1036 Moreover, val ues
corresponding to the conditional fornulas (6) to (9)
are shown in Table 11. 35 [Table 10] Nuneric Val ue
Enbodi nent Formula (1) DW(1-2) DT (1-2) 1 1.000
50.015 2 1.000 39.832 3 1.000 52.494 Fornula (2) DW

lens gdts%%f@&%{%?aysjof%%cﬁ? t]rtg%W@J(y f?a%ti%ﬁg(gi..%: QQQS 0@ the type in
9.

Formul a
352 2.6.737 8.220 3 5.133 8. 837 Forr‘rula
whiphy deBgctpm (- lg,grforj[ng?l gethe sugriage 2019gurf§cgdqp‘tween media

having different refractive indices), respective lens groups may be constituted,
without being limited to the above-mentioned implementation, by, e.g.,
diffraction type lens for deflecting rays of incident light by refraction,
refraction-diffraction hybrid type lens for deflecting rays of incident light by
combination of diffracting action and refracting action, and/or refractive index
distribution type lens for deflecting rays of incident light by refractive index
distribution within medium, etc.

Moreover, plane having no optical power (e.g., refraction plane
surface, refraction plane surface, diffraction plane surface) may be provided to
bend or fold the optical path before and after the zoom lens system or in the
middle thereof. Bending position may be set as occasion demands. By
suitable bending of optical path, it is possible to attain realization of
superficial thin structure of camera.

Moreover, one or plural lens groups, or a portion of one lens group
may be shifted in a direction substantially perpendicular to the optical axis
among the lens group constituting the lens system to thereby have ability to
shift image. A detection system for detecting vibration or movement of the
camera, a drive system for shifting the lens group, and a control system for

giving shift quantity to the drive system in accordance with output of the




3 5.203 1.500 Fornula (5) DW(5-6) DT (5-6) 1 4.050
6.518 2 4.211 7.548 3 3.536 15.543 [Table 11]

Formul a(6) Fornmul a(7) Fornid a(8) Formula(9) Nuneric
Value fw fgs Twbf/fw (3tg6 (3wg6 Enbodinment 1 -0.0718
0.622 1.578 1.198 2 -0.1513 0.955 1.408 1.174 3
-0.1102 0.693 1.408 1.300 It is to be noted that while
respective | ens groups of zoom | enses shown in the
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shift image by small aberration change. This is because since the third lens

group is disposed in the vicinity of aperture iris, rays of abaxial light flux are
passed through the portion in the vicinity of the optical axis so that there is
small change of comatic aberration taking place in performing shift operation.

The embodiment of the image pick-up apparatus of the present
invention is shown in FIG. 13.

The image pick-up apparatus 10 comprises a zoom lens 20, and
includes an image pick-up device 30 for converting an optical image formed
by the zoom lens 20 into an electric signal. In this example, as the image
pick-up device 30, there can be applied devices using, e.g., CCD (Charge
Coupled Device) or CMOS (Complementary Metal-Oxide Semiconductor),
etc. The zoom lens system according to the present invention can be applied
to the zoom lens 20. In FIG. 13, respective lens groups of the zoom lens 1
according to the first embodiment shown in FIG. 1 are illustrated as single lens
in a simplified manner. It is a matter of course that not only the zoom lens

according to the first embodiment, but also the zoom lenses according to the



distribution type lens for deflecting rays of incident
light by refractive index distribution within nmedium
etc. Moreover, plane havinggno optical power (e.g.,
refraction plane surface, refraction plane surface,
diffraction plane surface) nay be provided to bend or
fold the optical path before and after the zoom | ens
systemor in the mddle thereof. Bending position may
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ens groups, or the entirety t are ted
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as toptakead fasnssuitabde dby praressiis supsupicst dheigto.shithe prossed
i mge by small aberration change. This is because
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by dlsplay unit, recording onto recording medium and/or transfer by
communication means, etc.

The control circuit 50 is supplied with an operation signal from the
external, e.g., operation element for focus ring or focus switch, etc. so that
various processing are performed in accordance with the operation signal.
For example, when focus command by focus switch is inputted, a drive unit
70 is caused to become operative through a driver circuit 60 in order that there
results focal length state based on the command to move the fourth lens group
GR4 so that it is located at a predetermined position. Position information of
the fourth lens group GR4 which have been obtained by respective sensors 80

are inputted to the control circuit 50. The position information thus inputted

are referred in outputting a command signal to the driver circuit 60.




passed through the portion in the vicinity of the

optical axis so that there is small change of conatic

aberration taking place insperformng shift operation.

The enbodi nent of the inage pick-up apparatus of the

present invention is shown in FIG 13. The inmage

pi ck-up apparatus 10 conprises a zoomlens 20, and

i ncl udes an inmage pick-up device 30 for converting an
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electric signal. 1Tn i S exanpl é, as e I mge

pi ck-up device 30, there can be applied devices using,
focus gfatc @CIE bhsis gf a Sgopl st fawndby vadeaosg@ration circuit 40 to

(Conpl enentary Metal - Oxi de Sem conductor), etc. The
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respective lens groups of the zoomlens 1 according
optinoumHechs skite embbdioberinedhown in FIG 1 are
illustrated as single lens in a sinplified manner. It
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| enses according to the 38 second and third
forrasrias pirasticad pandves. Faeezawple, dhe igpge anelotipt anpapatas ik can
i nvention constituted by the enbodi nents except for
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device 30 is separated by a video _separation circuit

as dagitahiilscamera dugitelorideo cagiegnanobie degphere i whaeht eamera
circuit 50, and a video signal is sent to a video

is aflcARSIEa IR AnEbrpoYatbd andif BDAFHer¥dHADidas] AeSRtARNN Hich
the video procCessing circuit Is processed so
camera is assembled or incorporated, etc.

It is to be noted that while the present invention has been described in
accordance with 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 constructions or

equivalents can be implemented without departing from the scope and spirit of

the present invention as set forth by the appended claims.

Industrial Applicability
It is possible to provide zoom lens system which is compact and light

in weight, and is suitable for high speed AF operation while covering the




as to take a formsuitable for processing subsequent
thereto. The prossed signal thus obtained is caused
to undergo various processing such as display by
di splay unit, recording onto recordi ng nmedi um and/ or
transfer by conmunication nmeans, etc. The contro
circuit 50 is supplied with an operation signal from
the external, e.g., operation elenment for focus ring
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For exanpl e, when focus command by focus switch is |

formagont pexfoemancs, drrgapectiveo of spheiogeaphing pdistmse, and image
operative through a driver circuit 60 in order that

iR I t t

pick 38 SontERE' b3 i HEH RS SoRpPITRE B0 Ren SRBAFand
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been obtai ned by respective sensors 80 are inputted
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us inputte are referred 1h outputting a commuand

signal to the driver circuit 60. 39 Moreover, at the
time of AF operation, the control circuit 50 serves to
check focus state on the basis of a signal sent from
the video separation circuit 40 to control, e.g., the
fourth lens group GR4 through the driver circuit so
that optinmum focus state can be obtained. The
above-nenti oned i mage pi ck-up apparatus 10 nay take
various fornms as practical products. For exanple, the
i mage pi ck-up apparatus 10 can be w dely applied as
canera unit, etc. of digital input/output equipnent
such




as digital still canera, digital video canera, nobile

t el ephone in which canera is assenbl ed or

i ncor porated and/or PDA (Parsonal Digital Assistant)

in which canera is assenbled or incorporated, etc. It

iIs to be noted that while the present invention has

been described in accordance with preferred

enbodi ments thereof illustrated in the acconpanying

drawi ngs and described i dgyai!l, it should be

understood by those ordinarily skilled in the art

that the invention is not |limted to enbodinents, but
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It is possible to provide zoom|ens systemwhich js
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speed AF operation while covering the 40 range from
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A zgomlens systemat |east including a first |ens
objgetaughe.GRL havi ng

thus to change spacing or spacings between the respective lens groups
to thereby perform magnification changing or adjustaing operation,

wherein when group spacing between the i-th lens group and the j-th
lens group at the wide-angle end state is DW(i—j), and group spacing between
the i-th lens group and the j-th lens group at the telescopic end state is DT(i—j),
the following conditional formulas (1), (2) and (3) are satisfied,

(1) DW(1-2) < DT(1-2)

(2) DW(2-3) > DT(2-3)

(3) DW(5-6) > DT(5-6), and

the fourth lens group GR4 is moved in the optical axis direction so
that focusing operation is performed.
2 The zoom lens system according to claim 1,

wherein, in magnification changing or adjusting operation, the third




positive refractive power, a second | ens group GR2
havi ng negative refractive power, a third |lens group
GR3 having positive refracttzve power, a fourth | ens
group GR4 having positive refractive power, a fifith
| ens group GR5 having weak refractive power
(including refractive power = 0), and a sixth |ens
group GR6 having negative refractive power which are

lensa%foﬁfggeﬁé %@flf@ﬁftﬁrleﬁﬁg @mi? Gle o@%d ihie Bl alon on

spaci ng or spaci e ween t e respectiv
groups to thereby perforntnagnlflcatlon changi ng or
the apfioakaiing operation, wherein when group spacing
between the i-th lens group and the j-th [ens group

3 at m%&%&ﬁlméﬁtﬁgdac%ﬁdlﬁg'té Mt 1)), and group

spaci ng between -t ns group and the j-th | ens
group at_ the telescopic end state is
f ol Mdwiratn spaedng betwen thefﬁhtuéisiem)grotllz)é% @m@:itle Apurth lens
satisfied, (1) DW1-2) < DT(1-2) (2) DW2-3) >

gro @Ré) aﬁ@kg@%gbgtwéelméf&)ﬁh ik %(1'3)% pf GRUt dhd BRSfifth lens

p G4 | In the optical is direction so
that focu5| eration is perf zoom | ens
groggﬁ%ﬁqsaa@fartg\ﬁrféll@mag épﬁﬁttloﬂ%g? wlas %ﬁ r(‘gbnl fication
changi ng or adjusting operation, the third 42 |ens
gr oy BRY (g L irerd3-fyh lens group GRS are noved in

one body along on the optical axis.

(5) DW({4-5) > DT(4-5)
4 The zoom lens system according to claim 1,

wherein the fifth lens group GRS is constituted by single lens having
at least one non-spherical surface, and

when focal length of the fifth lens group GRS is fg5 and focal length
at the wide-angle end state of the entire system is fw, the following
conditional formula (6) is satisfied.

(6) 0.4 < fw/fg5 < 0.4
5 The zoom lens system according to claim 1,

wherein when back focus (air conversion length) at the wide-angle
end state is Twbf and the focal length at the wide-angle end state of the entire
system is fw, the following conditional formula (7) is satisfied.

(7) 0.2 < Twbi/fw < 1.2

6 The zoom lens system according to claim 1,




3 The zoom | ens system according to claim1, wherein
spaci ng between the third |l ens group GR3 and the
fourth lens group GR4, and3spaci ng between the fourth
|l ens group G4 and the fifth lens group GR5 satisfy
the follow ng conditional formulas (4), (5). (4)
DW3-4) < DT(3-4) (5) DW4-5) > DT(4-5) 4 The zoom

| ens system according to claim1l, wherein the fifth

| ensg, - QiPHERSIxHP 1GRD du UG?QS ?ﬂ’ leﬁsﬂ%%u&\}\ﬁsg ?Eh\é' Afve lens

at | east one non-sphe surtace

| ength of the fifth Iens group GR5 is fgs and focal
havighquagatize refeactivge pargire a8dd ogeapesisivet iSedaying positive

systemis fw, the following conditional forrmula (6)
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system accor |ng toc erel n whe ocus

(alr conversion length) at the w de-angle end st

i s i lateral magnobaationayihe lescrpigend Sktgoé t]émlxth lens
state of the entire systemis fw, the foll ow ng
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claimi1, 43 wherein the sixth I ens group GR6 at | east
|ncK&héé-6£%g®é§éplve | ens having negative refractive
power, and one positive |ens having positive

7 The zoom lens system according to claim 6,

wherein the sixth lens group GR6 at least includes one negative lens
having negative refractive power and one positive lens having positive
refractive power which are arranged in order from the object side, and

when lateral magnification at the wide-angle end state of the sixth lens
group GR6 is fwgb, the following conditional formula (9) is satisfied.

(9) 1.05<pwgb<1.5
8 An image pick-up apparatus comprising a zoom lens system
composed of plural groups and serving to change group spacing or spacings to
thereby perform magnification changing or adjusting operation, and an image
pick-up device for converting an optical image formed by the zoom lens
system into an electric signal,

wherein the zoom lens system at least includes a first lens group GR1
having positive refractive power, a second lens group GR2 having negative

refractive power, a third lens group GR3 having positive refractive power, a




refractive power which are arranged in order fromthe
obj ect side, and when |ateral magnification at the
tel escopic end state of theédsixth lens group GR6 is
(3tg6, the follow ng conditional fornmula (8) is
satisfied. (8) 1.1 < 13tg6 < 2.0 7 The zoom | ens
system according to claim®6, wherein the sixth |ens
group GR6 at |east includes one negative |lens having
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ordegpliemigie abjectHde.eby perform magni fi cati on changi ng or

adj usting operation, and an image pick-up device for
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system at |east includes a first |l ens group GR

to therebnPeposm magnHigation changyeser adpisHag omeraEets gdoup

GR2 having negative refractive power, a third Iens
gr OktherEiR %éh@oﬁ%s_ggabﬁ% heh Gl ihesi-OWeK grdufisand the j-th

fourth | ens group havi ng positive refractive
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the i-th lens group and the j-th lens group at the telescopic end state is DT (i),
the following conditional formulas (10), (11) and (12) are satisfied,

(10) DW(1-2) < DT(1-2)

(11) DW(2-3) > DT(2-3)

(12) DW(5-6) > DT (5-6), and

the fourth lens group GR4 is moved in the optical axis direction so
that focusing operation is performed.
9 The image pick-up apparatus according to claim 8§,

wherein, in magnification changing or adjusting operation, the third
lens group GR3 and the fifth lens group GRS are moved in one body along on
the optical axis.

10 The image pick-up apparatus according to claim &,

wherein spacing between the third lens group GR3 and the fourth lens




sixth lens group GR6 having negative refractive power
which are arranged in order fromthe object side,
thus to change spaci ng or dgpaci ngs between the
respective lens groups to thereby perform
magni fi cati on changi ng or adjusting operation, and
wher ei n when group spaci ng between the i-th | ens group
and the j-th lens group at the wide-angle end state is

gro%ﬁ%ﬂ% and® a&h@tb%t»?@@ﬁ RO FOBENEST gﬁdﬂgl GRUERR %ﬁh lens

nd the | = ens group at the telescopic en
state is DI (i fjh .the fol|low ng conditional fornmnulas
gropp 6JR S satiiyathe folloying eonditigrl drmylas) pw1-2) <
DT(1-2) (11) DW2-3) > DT(2-3) (12) DW5-6) > DT
(5- @13} angwt e’ quq‘gg,i@)ns group GR4 is noved in the

optical axis direction so that focusing operation is
performed.. 9 The ima((ye i ck-up apparatus according to

cl ailhttB, WWEdePh> PR ni ficati on changing or

adj usting operation, the third Iens group GR3 and the
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the optic Xl's. The i mage pick-up apparatus

according to c¢laim8, wherejn spacing between fh )
t hi rehgteis g g‘l@% ks AU (R Oris mﬁﬁgﬁ&wmgf%@ﬁs having
GR4, and spacing between the fourth Iens group GR4 and

at 1643¢ ohnkfdh-sstgicats@tc&Fndsat i sfy the fol | owi ng

condi tional” formnul as.

when focal length of the fifth lens group GRS 1s fg5 and focal length
at the wide-angle end state of the entire system is fw, the following
conditional formula (6) is satisfied.

(15) 04 <fw/fg5<0.4
12 The image pick-up apparatus according to claim 8,

wherein when back focus (air conversion length) at the wide-angle
end state is Twbf and focal length at the wide-angle end state of the entire
system is fw, the following conditional formula (16) is satisfied.

(16) 0.2 < Twbf/ffw < 1.2
13 The image pick-up apparatus according to claim &,

wherein the sixth lens group GR6 at least includes one negative lens
having negative refractive power, and one positive lens having positive

refractive power which are arranged in order from the object side, and

when lateral magnification at the telescopic end state of the sixth lens




(13) DW3-4) < DT(3-4) (14) DW4-5) > DT(4-5) 11 The
i mge pick-up apparatus according to claim8, wherein
the fifth ens group GR5 idg6constituted by single | ens |
having at |east one non-spherical surface, and when |
focal length of the fifth lens group G5 is fg5 and
focal length at the wi de-angle end state of the
entire systemis fw, the following conditiona
[ i sfd - f 12
sroly OGS B (e A Conditihal Rafiuta (I B 3aksed
wher ei n when back focus (air conversion |length) at the
wi délangllel <pigbst dtle is Twbf and focal length at the
wi de-angle end state of the entire systemis fw, the
f ol ¥ %éwg' ' Aih6ioiSaigatRsfi ed. (16)
14 0.2h3%¥&%% f @5h¥?%ﬁ%gﬁgﬁgk%ﬁggégg?§%¥§gqgbparatus
according to claim8, wherein the sixth | ens group .
at méhegein te siads lgmezrapatRe at lenst Indudesy ope giwgptive lens
refractive power, and one positive |ens having
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fromthe object sid and when | ateral magnification

at the telescopic end state of the sixth.lens, 46
refrgedypperer MchpEpaanged o) p rrfé«)l@&hei igstalde. gful a
(17) is satisfied. (17) 1.1 < (3tg6 < 2.0
when lateral magnification at the wide-angle end state of the sixth lens

group GR6 is Pwgb, the following conditional formula (18) is satisfied.

(18) 1.05<pPwgb<1.5



14 The i mage pick-up apparatus according to claim 13,
wherein the sixth lens group GR6 at | east includes one
negati ve | ens having negative refractive power and
one positive |lens having positive refractive power
whi ch are arranged in order fromthe object side, and
when | ateral magnification at the wi de-angle end state
of the sixth lens group GR6 is (3wg6, the follow ng
conditional formula (ARsTRAsatisfied. (18)
1. 05<(3wgb< 1.5 47 ABSTRACT There is provided a zoom
| ens system caonpact and_light in weight and. havjng .
hi gikheitadfe Providad i HAOPBY tesnBftRMoverRasE a6 oiglkintn meeight
range irrespective of object |lens while covering the
r i I ' e '
and Ry g I TR SrHRncEolS HRTZ0GheoaMR, Fange
. digital still canera, A zoomlens sys&en1 t | east .
irrespectiva ey apiestlens vande gpwerpng &g rangea 1y the: broag angle side
refractive power, a second |lens group GR2 having
up RO RsERIEAGHd YRatBoMBE, whidliig hisk@NTh FiduéP ciRBra and/or
havi ng posi‘tive refractive power, a fourth |ens group
. .GR4 having positive refractive wer fifth.l ens
digigpl sipl ermerhyi AgZaRiBKens system 9@%&@93?%9 iShgens group
refractive power = 0), and a sixth lens group GR6
GR Pavd g ngadtiiy erdfedctiaet P@swepowesewﬂdc herty grows r@RAeHaving
in order fromthe object side to change spaci ngs
between the respectjve lens gro t.o t.hereby. perfor
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when group spaci ng between the i-th I ens group and the
power, a fourth lens group GR4 having positive refractive power, a fifth lens

group GR5 having weak refractive power (including refractive power = (),
and a sixth lens group GR6 having negative refractive power which are
arranged in order from the object side to change spacings between the
respective lens groups to thereby perform magnification changing or adjusing
operation, wherein when group spacing between the i-th lens group and the
j-th lens group at the wide-angle end state is DW(i—j), and group spacing
between the i-th lens group and the j-th lens group at the telescopic end state
is DT(i~}), the following conditional formulas (1), (2) and (3) are satisfied,
and the fourth lens group GR4 is moved in the optical axis direction so that
focusing operation is performed.
(1) DW(1-2) < DT(1-2)

(2) DW(2-3) > DT(2-3)




j-th lens group at the wide-angle end state is DWi
j), and group spacing between the i-th |ens group and
the j-th lens group at the4&el escopic end state is
DT(i j), the follow ng conditional formulas (1), (2)
and (3) are satisfied, and the fourth |ens group G4
is noved in the optical axis direction so that
focusing operation is perforned. (1) DWI-2) < DT(1-2)
(@j) D‘ﬂ\gr-(§)6)>>@7f@5;®) 48 (3) DW5-6) > DT(5-6)




