1 DESCRI PTI ON Zoom Lens System and | nmagi ng Devi ce
Technical Field The present invention relates to a
zoom | ens system and an i nagi ng device using the zoom
| ens system This application clainms the priority of

t he Japanese Patent Application No. 2005-068901 filed
in the Japanese Patent Offjce on March 11, 2005, the
entirety of which is incorporated by reference

past | magi ng devi cos BESEETIGN o state | mge

sensi ng device, such as a digital still canmera or the
i ke. Anong the imaging devices of this type, the
digital still canmeras need a highly conpact zoom | ens

system i n wheom LensiSygtem lasddmaging Devisgpabl e of a

wi de range of imaging function fromw de angle to

t el ephoto and has a high performance of inaging that

is optinmum for high-speed auto-focusing and does not
Technicldféeld upon an obj ect distance. To neet the above

demand, a higher roomratio zoom | ens system has been
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Background Art

There have been used in the past imaging devices using a solid-state image
sensing device, such as a digital still camera or the like. Among the imaging devices
of this type, the digital still cameras need a highly compact zoom lens system in which
a single lens unit is capable of a wide range of imaging function from wide angle to
telephoto and has a high performance of imaging that is optimum for high-speed
auto-focusing and does not depend upon an object distance.

To meet the above demand, a higher room-ratio zoom lens system has been
proposed. Zoom lens systems of this type are disclosed in the Japanese Published
Unexamined Patent Application Nos. H04-146407 (Patent Document 1} and

H11-174324 (Patent Document 2). Each of the zoom lenses described in these




Di scl osure of the Invention The zoom | ens disclosed in
each of Patent Docunents | and 2 is a repl acenent
l ens used in a single-lens reflex canmera or the I|ike.
Since it should be |ong enough in back focal |ength
to have a space where a flip-up mrror is to be
di sposed and the like, it,cannot easily be designed
for a smaller size and hi gher w de-angl e i mgi ng
unction., Al so, .since focusi.ng i s made by novin%
Patent Rgewmgnts is forgpech frogea grepn ehsiXdepies, PhCOEHp FABgAVSnconvex,
with a manual focusing nechanism for exanple, or in
concavggpnyekandggpcase tof hayer amaiicerrsed zaomgiaélos o- subj ect
di stance will cause the angle of viewto vary largely.
Disclosure phtheamvonfiowusi ng (AF) of the replacenment lens in
the single-lens reflex canera or the like, difference
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variation of the angle of view during focusing . In
lens usédi @uingld-bgdstflex camarh of thicdiiéet RinteitsshoMpEbdi@ig @éhough in
still canera or the |ike, however, since a focal point
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noving a l'arge group of |enses as~a focusing group-in
functioié'.r"mhan' cal structure as well leads to a |arger

i ving mechani sm which will have a great influence
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In the auto-focusing (AF) of the replacement lens in the single-lens reflex
camera or the like, difference in ranging system will not cause any problematic
variation of the angle of view during focusing . In the auto-focusing in an
integrated-lens type digital still camera or the like, however, since a focal point is
calculated based on data obtained by image sensing devices, variation of the angle of
view during focusing will be very difficult to cope with.
| Further, moving a large group of lenses as a focusing group in a mechanical
structure as well leads to a larger driving niechanism, which will have a great

influence on the speed of response of AF.

It is therefore desirable to overcome the above-mentioned drawbacks of the




It is also desirable to provide an imagi ng device
usi ng a conpact zoomlens system capable of a w de
range of imaging function fromw de angle to tel ephoto
and having a high performance of imaging that is

opti mum for hi gh-speed auto-focusing (AF) and does
not depend upon an object gistance. According to an
enbodi ment of the present Tnvention, there is provided
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second I ens group GR2 having a negative refract
integralgdvliens typetipaging eericy pecipas aramkaidaigdigitabsiif pa@era or the
) refractive power, a fourth lens group GR4 having a
like. negative refractive power, a fifth |ens group GR5
having a positive refractive power, and a sixth |ens
[t or adsp d&RaHatw pppvado ey amaygmgr ddvieetisiug apmnepact apoanigad
sequentially from the object side, zoomratio being

system ¢apatade oy weidengnggof ragihstianaobfoneaidd hesladd aslephoto and
- lens groups, the distance, taken as DWi-j), between
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GR3 havmg a positive refractive power, a fourth lens group GR4 having a negative
refractive power, a fifth lens group GRS having a positive refractive power, and a
sixth lens group GR6 having a negative refractive power, arranged sequentially from
the object side, zoom ratio being varied by changing the distance between the adjacent
lens groups, the distance, taken as DW(i-j), between the i- and j-th lens groups at the
wide angle end during at-infinity imaging and that, taken as DT(i~j), between the i-
and j-th lens groups at the telephoto end during at-infinity imaging meeting the
following conditions (1), (2), (3), (4) and (5)

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

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

(3) DW(3-4) > DT(3-4)




provi ded an imagi ng device including a zoom | ens
systemincluding a plurality of lens groups and in
which the zoomratio is varied by changing the
di stance between the adjacent |ens groups and i mage
sensing devices to convert an optical imge forned by
the zoomlens systeminto gan electrical signal, the
zoom | ens systemincluding at least a first |ens
r Qu havi ng a positive refractive power, a second
(4? h\%ﬁ% 5~ Bg4 gﬁ')avi ng a negative refractive power, a
ird lens group GR3 having a positive refractive
(%o@W(Seﬁ)ﬁ)E)th(ﬁ G)etred gr oup GR4 having a negati ve
refractive power, a fifth |I|ens group GRS having a
focusingdeing wade ebgrrraovingethp domth lensgeraupiGiA akindly off the perGRs.
having a negative refractive power, arranged
Abepasordiaklty ahother ehd odlhinent oBihgeresam invaition, thxee iy
varied by changi ng the di stance between the adjacent
prov1de|dQﬁ§1n§Hgiﬂ§ devichenelndindng foomtlakesystem Méiuding a BRirdE8Nof lens

the i- dj-th lens groups at the w de angle end
groups Qﬂdl ) gthéﬁ tHe¥doh Fatid Mrf& Wéhérfﬁ‘ﬁg tHAHRANRS between the
T(1-j), between the i- d j-th I"ens groups at the
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lens group GRS having a positive refractive power, and a sixth lens group GR6 having
a negative refractive power, arranged sequentially from the object side, zoom ratio
being varied by changing the distance between the adjacent lens groups, the distance,
taken as DW(i-j), between the i- and j-th lens groups at the wide angle end during
at-infinity imaging and that, taken as DT(i-j), between the i- and j-th lens groups at the
telephoto end during at-infinity imaging meeting the following conditions (1), (2), (3),
(4) and (5)

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

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

(3) DW(3-4) > DT(3-4)




and negative, and the distance between the adjacent
| ens groups is changed during variation of the zoom
rati o, whereby it is possible to provide a conpact,
hi gh- powered zoom |l ens systemthat can attain a high
magni fication with novenent of the whole [|ens system
over a relatively short di§tance. Al so, novenent of
the fourth lens group GR4 as a focusing group pernits
to attain focusing with a smaller range of novenent
(4) h&Withan < PThd)rel ated art in which the first or
second I ens group has to be noved for focusing, so
(5) hAW(heb) ot DMi(Bep)nachani sm can be desi gned nore
conpact and al so a higher-speed AF (auto-focusing)
focusing deidemads diyhhevinguht feursth térs gregptGR4 akedly ofgthe dgnses.
di sposed as the last lens group to scale up an inmage
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the follow ng detailed description of enbodinents of
movemehiethandbatrin thevelatedsnt whwhiahathedinshorcgnsond densogroupthss to be
the acconpanying draw ngs. Brief Description of the
moved Brrafioicnsgjag, so that the driving mechanism can be designed more compact and

also a higher-speed AF (auto-focusing) can be possible. Further, the negative lens
group is disposed as the last lens group to scale up an image at once, whereby it is
possible to reduce the shortest lens-to-subject distance and assure a high performance
of imaging without dependence upon any object distance.

Also the imaging device employing the above zoom lens system according to the
present invention can be designed more compact since the zoom lens system itself can
be designed compact and is capable of the high-speed auto-focusing (AF). Thus, the
imaging device is more user-friendly, can cover a wider range of imaging function

from wide angle to telephoto and can assure a higher image quality without depending




FIG 1 schematically illustrates the configuration of a
zoom |l ens systemas a first enbodi nent of the present
invention. FIG 2 graphically illustrates various
aberrations including spherical aberration,
astigmati smand distortion aberration at the w de
angle end in the zoomlens,systemas the first
enbodi ment of the present rnvention. FIG 3 shows a
spherical aberration, astigmati smand distortion
upon angabjegt &'@Fﬁnﬁ?- the intermediate focal length in the
zoom |l ens systemas the first enbodi nent of the
Ty fwegeingmnd mthanlcatre, aspenvena agdprdageno! tigaresant on,
astigmati smand distortion aberration at the
inventiome el et omergpuremt foonthefidlcsyisgatatabed descfiptisn of
enbodi nent of the present invention. FIG5 shows the
embodinssss obtife mesaitiiovermionawhew raketna cyfumticasvah skeond
enbodi nent of the present invention. FIG 6 graphically
accompah/iifit dalgfgyari ous aberrations including spherical
aberration, astigmatismand distortion aberration at

Brief Deb&ipictto @ Brafiidei N the zoom lens systemas the
second enbodi nment %f the present invention. 7 FIG7
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FIG. 3 shows a spherical aberration, astigmatism and distortion aberration at the
intermediate focal length in the zoom lens system as the first embodiment of the
present invention.

FIG. 4 shows a spherical aberration, astigmatism and distortion aberration at the
telephoto end the zoom lens system as the first embodiment of the present invention.

FIG. 5 shows the lens configuration of a zoom lens system as a second
embodiment of the present invention.

FIG. 6 graphically illustrates various aberrations including spherical aberration,

astigmatism and distortion aberration at the wide angle end in the zoom lens system as

the second embodiment of the present invention.




of the present invention. FIG 10 graphically

illustrates various aberrations including spherical

aberration, astigmatismand distortion aberration at

the wide angle end in the zoom | ens systemas the

third enbodi nent of the present invention. FIG 11

shows a spherical aberratigon, astignmatism and

di stortion aberration at the intermediate focal

| ength in the zoom |l ens systemthird enbodi nment of  the

Flgr d<baws 4 sphenichbahermtion astigipakism aadrEptosen aberration at the

aberration, astigmati smand distortion aberration at
intermedivge foed! dergthan emizoomtlers systemlagike sgenmdraralsodiment of the

third enbodi mrent of the present invention. FIG 13
presentihemstidrhe configuration of an inmagi ng device adopting

the zoom |l ens system as another enbodi nent of the

FIO%. 85@8vsi ic@habdpesion)asieshetisihamdydisgriidi abéreation at the
I nvention The present invention will be described in
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systemw th reference to the acconpanyi ng draw ngs.
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having a positive refractive power, a second |ens
Ofthe%?%%@ﬁ?%oﬂavi ng a negative refractive power, a third

I §Pustenbbally e sy erafens o) lingrpaBEry abctaton,
astigmtenn atd HIROTHORADTTGN & SRSHIe She G p le-o0hpRgsystem as
the third embodiment of the present invention.

FIG. 11 shows a spherical aberration, astigmatism' and distortion aberration at the
intermediate focal Iength in the zoom lens system third embodiment of the present
invention.

FIG. 12 shows a spherical aberration, astigmatism and distortion aberration at the
telephoto end in the zoom lens system as the third embodiment of the present
invention.

FIG. 13 shows the configuration of an imaging device adopting the zoom lens
system, as another embodiment of the present invention.

Best Mode for Carrying Out the Invention

The present invention will be described in detail below concerning embodiments




a negative refractive power, arranged sequentially
fromthe object side. Zoomratio is varied by
changi ng each di stance between the adjacent |ens
groups. The distance, taken as DWi-j), between the
i- and j-th lens groups at the wi de angle end during
at-infinity imging and that, taken as DT(i j),
between the i- and j-th I ens groups at the telephoto
n rin -infini i magi ng h 1 owi
of the zggguli%;;s 8§ el?ltlz)cm(@.pgttq g;e"&egs;mdgﬁ%@én 5 gn e?n orgi?ment of the
DW 1-2)<DT(1-2) (2) DW2-3) > DI(2-3) 3) DW3-4) >
imagingyieeica psingghe popm Bns spiem with (rgfefm%t%éle 2COTPRIBYING
and focusing is nade by noving the fourth I ens group
drawing®R4 axially of the |lenses. The above zoom | ens system
is formed fromat |east the six |lens groups, or 9
Algogsihicizoem hegaystean aqosdinigte the pgaehymveption incledenat least a
negative, and the distance between the adjacent |ens
first lend rg@@@p GIE] hhvaingechsbitiva:Rtivetiowerod stdmddenspraip GR2
there can be provided a conpact, high-powered
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taken as DW(i-j), between the i- and j-th lens groups at the wide angle end during
at-infinity imaging and that, taken as DT(i-j), between the i- and j-th lens groups at the
telephoto end during at-infinity imaging meet the following conditions (1), (2), (3),
(4) and (5)

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

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

(3) DW(3-4) > DT(3-4)

(49) DW(4-5)<DT(4-5)

(5) DW(5-6) <DT(5-6), and
focusing is made by moving the fourth lens group GR4 axially of the lenses.

The above zoom lens system is formed from at least the six lens groups, or




| ast |l ens group to scale up an i mage at once, whereby
it is possible to reduce the shortest |ens-to-subject
di stance and assure a hi gh performance of i mging
wi t hout dependence upon any object distance. The
condi tional expression (1) defines a distance between
the first and second Iensggroups GR and GR2 for
varying the zoomratio in a direction fromthe w de
.. angle.to telephoto end. The conditignal expression {2
POSItIVy SCEARYE, POFITEica REBATHE, REEWH VARG NGEAHNE e ir AR e pEveen
'grOUE%BGRZ and GR3 for varying.the zoomratio in ﬁhe
the adjagiepblens groypsomchnegwd dering yraakion pEthesFasup rafaey,  Thus, there
Meeting these conditions (1) and (2) permts a |arge
can be prwidad @ooinpacty bigh-powerdd sram henssydtena tigtean@ttain a high
tel ephoto end. The conditional expression (3) defines
magnifreatibs twitic mdvetnene of theewhblerléns eystegraves a 1@R3vahdshadre
fourth lens group GR4 as a focusing group for varying
distancé.he A1an méasmentior thé fsurch teagtdronp GRS hdoudieg gralpepermits
to tel ephoto end. The conditional expression (4) 10
to attaifl €6 duRBS: Wit SHAMIE rAREVBE Frdvieendr® el Mt o ePre(diedibitin
| ens group) GR4 and fifth Iens group GRS for varying
. r . .
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(auto—fq(gﬁgggt)&ggm;g)@lsfb%.sglgwg €1y eg%ﬁ%/@%ﬁ%?%&s ro%B i dlstpgged as the

field-curvature fluctuation in tge.og%osLEE directign
last len group{oRicaly ¥inan A0AgE 26 RIeS, NsEbY {ife PPSRB thgedresuiie
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expression (5) defines a between the fifth and sixth-
dependpersuppmois ObeRbASHAICGR6 for varying the zoomratio in

the direction fromthe wide angle to

The conditional expression (1) defines a distance between the first and second
lens groups GR1 and GR2 for varying the zoom ratio in a direction from the wide
angle to telephoto end. The conditional expression (2) defines a distance between
the second and third lens groups GR2 and GR3 for varying the zoom ratio in the
direction from the wide angle to telephoto end. Meeting these conditions (1) and (2)
permits a large variation in zoom ratio from the wide angle to telephoto end.
The conditional expression (3) defines a distance between the third lens group

GR3 and the fourth lens group GR4 as a focusing group for varying the zoom ratio in

the direction from the wide angle to telephoto end. The conditional expression (4)




tel ephoto end. Meeting this condition permts to well
make corrections for various aberrations and vary the
zoomratio. The focusing group (fourth |ens group) G4
is formed froma single concave |ens, and a focal
| ength, taken as fg4, of the fourth | ens group G4,
that, taken as fw, at thgqyw de angle end of the whole
| ens system refractive index, taken as Ndg4, al ong
t eof t efourthlens GR4 an e
afistaart & OGRS SHY Bens Eione) GO Fd fifth lens
fourth Iens oup G4 should deS| rably neet the
group (3P |f@wafglrtgaavm z008n Eatioedn thedmectipg fragh the gyidg angle to
fg4/fw < 3.5 (7) 1.8 < Nd é8 25 <'Vvdg4 11 Since
telephotmend.ochrkzietiggghmpcoalﬂiﬁnnsrﬁgan (8 pup)itCRAsuppréssithed
fromthe single concave lens, it is lighter, whereby
field-curbatuek flucigtior abaveibas wawelh eottest ‘gleéﬁmmm'aon obspimeical
and al so the AF speed can be inproved. The conditi onal

aberrati®XUaesed By a(Briatdehiofeke Ensablgy b?@it@@ﬁlnddﬁl@y Eesahting a
l ength of the focusing group (fourth |lens group) G4
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telepho?o end. Meeting this COIldl 10% per?mts to wel? make corrections for various

aberrations and vary the zoom ratio.

The focusing group (fourth lens group) GR4 is formed from a single concave
lens, and a focal length, taken as fg4, of the fourth lens group GR4, that, taken as fw,
at the wide angle end of the whole lens system, refractive index, taken as Ndg4, along
the d line of the fourth lens group GR4 and Abbe constant, taken as Vdg4, along the d
line of the fourth lens group GR4 should desirably meet the following conditions (6),
(7) and (8).

(6) 1.5 <|fgd/fw|<3.5

(7) 1.8 <Ndg4

(8) 25<Vdgd




too weak so that the novable range of the focusing
group wll be larger and the whole |ens system cannot
be desi gned conpact. The conditional expression (7)
defines a refractive index of the focusing group
(fourth lens group) GR4 having the negative refractive
power. |f the value of Nd is smaller than 1.8, the
field-curvature and spherical aberration wll take
place |n |arger apount, for which no easy orrectio
Sipgh theforHsfaz ayawp Crou Jephgroun) £k l%quq gREihe single
condi tional expression (8) defines a generated anpunt
concavelenshitdsrighter, whenebzthe driging mechaism ¢ag he despgigdomora
| ens group) GR4 having the negative refractive power.
compadit fant dsovthie e speeddeph besimhpirogyed. t han 25, the chromatic
aberration will 12 take place in |arger anount during
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therefor even in the whole |lens system Wen the zoom
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excessifE gy C@%&%?I*?%%ﬁé* B s e o PTGl .
) | GR5 for,whi.ch .
resultmﬁaﬂ&fl %eﬁt?r%a%? drBSae Nel Bafke Seftfr Cation.gf
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taken as fw, _at the wi de angl e end of_the whole | ens
fed/fwisig darger thaaul-8, dediagaivg refrativierrowe afdne docussng rrqugnwill be

too Weaﬁ( s)o that the movable range of the focusing group will be larger and the whole
lens system cannot be designed compact.

The conditional expression (7) defines a refractive index of the focusing group
(fourth lens group) GR4 having the negative refractive power.  If the value of Ndg4
is smaller than 1.8, the field-curvature and spherical aberration will take place in
larger amount, for which no easy corrections can be made even in the whole lens
system.

The conditional expression (8) defines a generated amount of chromatic
aberration of the focusing group (fourth lens group) GR4 having the negative

refractive power.  If the value of Vdg4 is larger than 25, the chromatic aberration will




(9) 0.2 < Twbhf/fw < 1.2 The conditional expression (9)
defines a ratio between BF (back focal length) at the
wi de angle end and that of the whole | ens system at
the wide angle end. If the value of Twbf/fwis
smal l er than 0.2, LPF (lowpass filter) and IR
(infrared cutting) glass 1\% Il be extrenely near the
surface of the inmage sensing device so that dust on
LPF and IR glass and defect of themw ]| be .
take placsriadrress ggiount dering clasgauR shafandcartgelons cappef epspy be
the front one of the lenses will be larger in diameter
made theyefhgventn ghe whole lgns Sygfam:  to design the |ens
system nore conpact as well as to nake a w der-angle
Wheaghagobmmstiody s bewaisgethi dhirg and Hetly bing grofpsTub dmd
shoul d nore desirably be wwthin a range 13 between
GR35 sHduld Bathdved togbthes axiallyl fithe ferzep GRAus,the dded aad fifth lens
| east one concave | ens having a negative refractive

groups [BRE bnd GR O Ao faddememhayinBl: @R eslihiideinreichachhMeer
power, arranged in this order fromthe side of an

that the?l?ﬂgﬁﬁ%lgl gé’% (RRuddh I'Eg? Qﬁ]dg} BRI nicABIR, %@ai&li”kﬁﬁ’coﬁh'li%ute to

oto end sixth I'ens group GR6 shou

on s BTy A A 204 e
third, fy57% pod PRCRES B ORINERAtH Ok s R NBhiNA fhbE cti ve

r frac%ive govver %rpran ed inthis_order fromthe
manufaggfrgbg AleTaucs 1 #ttQ DEdCAWEPtct narginal rays upward by

he, concave | ens whjl e suppressin he rginal, ra .
A@)@Ck ol dpnih (F@HFalchhar cppveRIon blsh taken@sdarble ab e wide
be wi_dened whil e suppressing the distortign aberration
angle caf@andifaeal lemgthatalica astiw, pethgeanice ansle mad phthy whplelgps

ugon the image sensin? devi ce can be
system should desirably meet the following condition (9).

(9) 0.2 <Twbfifw<1.2

The conditional expression (9) defines a ratio between BF (back focal length) at
the wide angle end and that of the whole lens system at the wide angle end.  If the
value of Twbf/fw is smaller than 0.2, LPF (low-pass filter) and IR (infrared cutting)
glass will be extremely near the surface of the image sensing device so that dust on
LPF and IR glass and defect of them will be conspicuous.  Also, if the value is larger
than 1.2, the front one of the lenses will be larger in diameter so that it will be difficult
to design the lens system more compact as well as to make a wider-angle imaging lens

system, Especially, the value of Twbf/fw should more desirably be within a range
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| essened. Al so, effective corrections can be made for
the magnification and chromatic aberration. The
condi tional expression (10) defines a |latera
magni fi cation of the sixth lens group GR6 in a
tel escope. Since the six lens group GR6 can scale up
i mge at once, the whole {hens system can be desi gned
conpact. Since the sixth I'éns group GR6 has a high
p r, cl ose-up shot is allowed irrespectively of
ba“@3@§£§W§1§§-inage sensing device and thus inmaging can
be made over a shortest close-up distance. |f the i
Thessizth leps gram@Rbsinghules ot leaghone cancavgdenpligying adigeghve
by the sixth lens group GR6 will be 14 |ower so that
refractivhpoweobed beasosyet kmswiavinge pdsitive cefractive pewtyarranged in
conpact and al so the shortest close-up distance be
this orden logagetsidéd\b$ an obfedt.he Aataral mhghificgfionstaken ge Ptgdan the
2.0, it will be nore difficult to assenble the |enses
telephotoafd BLtheikih [and peupaGRE shoyild dbdiedbly sneendie fidkiwiakl e
in manufacture of the zoomlens system At |east one
conditién fEy)of each lens included in the fifth lens group GRS
shoul’d desirably be aspheric. As having been
(lggﬁgfkgﬁg6apgﬁe, various aberrations including the
S a

her i aberration taking place when the

FAie e S 550 a1 PGS oI B GBI g
SR AN ST R

farned asphgric, it .is ssibl.e to ke eff.ective

arrangegJp RS TR rPBY the bjest s EBPH R OJRACE LIRAFO R 1Y% REHd bY
the | ens-t0-subject distance \iari e nd those taking

the congavgclengmanla wepres§ig thedniginal Jays ggedgonvex ens, whereby the
simul taneously. For varying the zoomyratio fromthe

room ragggecanregsidy be wideephpthalesiugpressing the déstortimsabagrasign and also
GR1 shoul d desirably be noved once to the inmage

the angkuof mcilesicd of drpimanginak wys pon the image sensing device can be

lessened. Also, effective corrections can be made for the magniﬁcation and
chromatic aberration.

The conditional expression (10) defines a lateral magnification of the sixth lens
group GR6 in a telescope.  Since the six lens group GR6 can scale up image at once,
the whole lens system can be designed compact.  Since the sixth lens group GR6 has
a high power, a close-up shot is allowed irrespectively of the large image sensing
device and thus imaging can be made over a shortest close-up distance. If the value

of Btg6 is smaller than 1.1, the magnification by the sixth lens group GR6 will be




obj ect side. Thus, the whole lens |ength can be kept
short in the whole range of zoomratio variation from
the wide angle to tel ephoto side, thereby permtting
to assure a high optical performance of the zoom |l ens
system For varying the zoomratio fromthe w de angle
to tel ephoto, the distanc bet ween the fourth | ens
group GR4 to fifth lens group GR5 shoul d desirably be
decreased fromthe wd t nt er nedi at e
lower s GrdIthe BAGIt] e&ﬁmtﬁahwelh ngléﬁ'@al t Wr‘fﬁ%&%@mﬂ%‘éﬂﬁg&?ﬁq the
focal length to tel ephoto end, and the gl st ance, ken
shortestagdosrup diancesbe insredsed t Adsa, afithenvalig o Bladis lé%ef an 2.0,
groups G4 and GR5 and focal |ength, taken as fg4, of
it will behmofeadiffi¢ult trassgmblptherensasdogether #oth oighpcssfsy: wanch is
(11). (11) 3 < fg4/DT(4-5)1 < 6 In the above-nentioned
not desieatledi meiufadtuidief theawohelens systeem  t he f ocusi ng
group (fourth lens group) GR4 is disposed between the
AttlBhdtbrRngdd bf &dth lens ipledabin tGBIifantbnerotyp Gk should
corrections for aberrations during zoomratio

Heficanths KRASHS bBeh dgﬁﬂﬂjédadﬂo)&e Varidustdirertitiohance
des1rab]éﬂ5é gggn tﬁe foSurth gémd fifth lens groups GR4 and GRS

mcludu?%’rﬂégsp‘ﬁgﬁgglezﬁ)e%tﬁﬁq n ﬂlaé%wﬁ@ﬁ%@le%stte é%)’&t Avince

I mage senS|ng i'ce focused at a tlose-up
. ol.nt |
varies a?ﬁﬁwéf”syygﬂ%ﬁ at‘éi?ﬁ{@&ﬁ‘#@%e st apaEh ?‘F%‘%E? R4 axially of
cusi ng .ran
the lonset) SR ph B8 EoTExifIg B Gucy 1B ER0RULY R Al AHRLGRTAENP GRS
t he —novabl e ran engt h of oCusi n
being femeRbHTMATICT 6 DRSSO &%ﬁﬁp‘iflf AR éorowﬂm%
fg4/ DT(4-5)) is smaller tha{; fhe fourth | rgﬂf
aberratigra taliing phasgevhen fhelers-terabieshdistsncs V@f 1eg FFB& E}E‘PS% taking
range of the focusi ng group) be | ar? so that the
place whendbe ngpgifeition isichangied isialtgnensishar ger. On the
ot her hand, if the val ue of
For varying the zoom ratio from the wide angle to telephoto side, the first lens
group GR1 should desirably be moved once to the image surface side and then to the
object side.  Thus, the whole lens length can be kept short in the whqle range of
zoom ratio variation from the wide angle to telephoto side, thereby permitting to
assure a high optical performance of the zoom lens system.
For varying the zoom ratio .from the wide angle to telephoto, the distance
between the fourth lens group GR4 to fifth lens group GR5 should desirably be

decreased from the wide angle end to the intermediate focal length and then increased

from the intermediate focal length to telephoto end, and the distance, taken as DT(4-5),




| fg4/ DT(4-5)1 is larger than 6, the fourth | ens group
GR4 will have a higher power and the aberration
fluctuation during close-up shot will undesirably be

| arger. At |east one side of each lens included in the
second | ens group GR2 should desirably be aspheric. .
Thus, effective correctiong can be made for distortion
and conm aberrations at the wide angle end, whereby

betweey i B R4t e Baf B R B GRS Sg TRERTEARE: Fuile fos,

int Si xt grou N shoul d desirably

of the tjegﬂgiﬁwegroap @ﬁﬂéﬁeeéglﬁ%quf ahcan be made
field curvature and conmm aberrat| on at the
(1é;}3r3 PhgAAPTE4E§)oh® For suppressing the chromatic

aberration during close-up shot, the concave | ens
Inithe lahdeermentioned feodhsiimgntipbithe Zcooulans system,dhe dpgu s
may be formed fromtwo nore |enses joined to each -
group (fdureh lentipreep)eGRads aispioscd betwrenzthethirdmadSifth &ms groups
according to the present invention wll be described

GR3 ardd'GR&! tai thalbetoteordn’ foehbegamiend durfdg3toorh rhdo Variatidn and
Tables 1 to 11. It should be noted that each of the

focus:mg”’0 %b@@iﬁﬂ? WA the IRRdebdrRBsE theRfrithand AfANeRd groups GR4
Shape is given by the followi ng expression (1).

and GR>§‘beu\{g ch&gf%el sé%l‘o’ve( i‘t’ib%oé’s%bfe?t%’ hzafzc%v/eﬁ lar e rmage se&@ng

where~y 1's irection perpen

device {;8 ?&Lﬁ’éﬂ '?1'[ a)&lds%p%% ggﬂﬁ whil eallnaﬁitgl ﬁ'ltehﬁléﬁ epf?)trﬁlah@@ ﬁf

exes, Xial curva ure ns apex,

imaging %y su%ﬁpessmgqtﬂe 4B8%ation fluctuation over the zoom focusing range.

The conditional expression (11) defines a ratio, at the telephoto end, between the
movable range and focal length of the focusing group GR4 (fourth lens group). If
the value of |fg4/DT(4-5)| is smaller than 3, the fourth lens group GR4 will have a
lower power and DT(4-5) (movable range of the focusing group) be larger, so that the
focusing block will undesirably be larger. On the other hand, if the value of
|fg4/DT(4-5)| is larger than 6, the fourth lens group GR4 will have a higher power and
the aberration fluctuation during close-up shot will undesirably be larger.

At least one side of each lens included in the second lens group GR2 should
desirably be aspheric. Thus, effective corrections can be made for distortion and
coma aberrations at the wide angle end, whereby it is possible to assure an improved

compactness and higher performance.




and At is a primary aspheric surface constant. FIG 1
shows the I ens configuration of a zooml|ens system as
a first enbodi nent of the present invention. As
shown, the zoomlens systemincludes a first |ens
group GR1 having a positive refractive power, second
| ens group GR2 having a negative refractive power,
third |l ens group GR3 having a positive refractive

wer, fayrth |en r Qu 4 _havi a negat |
Ablepstng side ngﬁz feps gaqiuf u thesipthaens R GRG should
' . ositive -------- ---- 17 refractive power an i Xth
desirab|yehe asphetis- GRusastingiive erageations crefedpads rpasld curvature
arranged sequentially fromthe object side. For
and comaabemgtiomat theqreripheral regiom t he wi de  angle to
tel ephoto side, each of the lens groups is noved
Fansugptossimig thoeht@nstes abarrationdeang dlosctip shagpthedoncave lens
arrow. The first lens group GRI is fornmed froma

includeddn e fo@Ring &bup (fausetordrbepsGRIompy BeZotmed from two
conbi nati on of a concave |ens &, concave |ens G3

more 1h3¥% Mn& &PERAIthEr, aspheric surface at the obj ect
ide, and a convex lens 4. The third |l ens group GR3

Sl de
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will be @ggcvrgg(e%ﬁgndse‘@Bg@\'&}f?%ﬂ&%@ng@{&ﬁ@s. PR 1%@%@1& 1to11.

Nng an aspheric surtace at

| egt, Si The f h | . R4 s .f
S TS R U B S b AR e
o S0 BRSO IR L 20 DA%

a double fornmed froma concave | ens GLO0 and convex
| eng’G:* | and a-convex lens Gl2. In the above first
le @ q%gz_eat_ @mﬂgéon%l and third enbodi ments which wl|
e cribed later, a parallel, planar |ow pass
filter (LPF) is provided between the | ast

where y is height in a direction perpendicular to the lens axis, x is a lens-axial distance
from both lens apexes, ¢ is a paraxial curvature at the lens apex, K is a conic constant
and A’ is a primary aspheric surface constant.

FIG. 1 shows the lens configuration of a zoom lens system as a first embodiment
of the present invention. As shown, the zoom lens system includes a first lens group
GR1 having a positive refractive power, second lens group GR2 having a negative
refractive power, third lens group GR3 having a positive refractive power, fourth lens

group GR4 having a negative refractive power, fifth lens group GRS having a positive




| ens and i magi ng surface | MG of the zoom | ens system
It should be noted that the |ow pass filter (LPF) nay
be a doubl e-refraction low pass filter forned froma
crystal of which a predeterm ned axial direction has
been adjusted or the like, a phase type |ow pass
filter in which a required-optical cut-off frequency
response is attained under the effect of diffraction
.or the like. Table 1 s a first exanple ipn which
refractij ppyss apd Skt enerpul S BoeRuing § bl st livieniere
various.data in_ the first exanple and,exanpl es. whi ch .
arrangeds Sepogetialpegem Wec atsade. & varyBiEathe 2005t mﬁq%m the wide
an F nunber, co is a half angle of view, Ris a
angle tq telephotosidoueoch of e lens granpsiinmavedeasdally ofiphe lenses as
distance, Nd is a refractive index for the d line (X
indicated &h. Hsoiid amoet. VA hiesfizahletistprogp AR hist formedtfhemd: ¢ameex lens
Al so, "ASP" indicates an aspheric surface, and
G1. TheNetohd ¥nsigroth &R (s adombireftionuwiatenayelerd G2, concave
indicates a flat surface. 19 Table 1 Surface No. R D

lens GNeawHg b bniadespBrid sidd8de 4%he 5»3]'7602 st abdad coavealbs G4.
3 160.929 1.700 1.7725 49.600 4 17.445 6.091 5 60.914

The thi1]1d7 17681?1 %1:%%% @%%%A@Q&nbﬁlaﬁ%lﬂcﬁ% omRR 1énPEB8ThAdng8 Composite
aspheric surface at the object side, iris S and a doublet formed from a concave lens G6
and a convex lens G7 having an aspheric surface at the object side.  The fourth lens
group GR4 is formed from a concave lens G8. The fifth lens gréup GRS5 is a convex
lens G9 which is aspheric at both sides thereof. The sixth lens group GR6is a
combination of a double formed from a concave lens G10 and convex lens G11 and a
convex lens G12.

In the above first embodiment and second and third embodiments which will be
described later, a parallel, planar low-pass filter (LPF) is provided between the last
lens and imaging surface IMG of the zoom lens system. If should be noted that the
low-pass filter (LPF) may be a double-refraction low-pass filter formed from a crystal
of which a predetermined axial direction has been adjusted or the like, a phase type
low-pass filter in which a required optical cut-off frequency response is attained under
the effect of diffraction or the like.

Table 1 shows a first example in which various data are given to the first




8 33.443 5.000 1.9229 20.880 9 76.538 variable 10

20.244 ASP 0.200 1.5146 49.961 11 23.005 4.555 1.6180

63.396 12 -113.994 4.441 Iris INFINITY 3.000 14

28.726 1.200 1.9037 31.319 15 10.704 5.500 1.6230

58.122 16 -52.125 ASP Variable 17 -1000.000 1.000

1.9037 31.319 18 32.312 Mariable 19 70.952 ASP 2.525

1.5831 59.461 20 -45.105 ASP Variable 21 -13.563

1.200 1..8350 42,984 . 22.-55 331 1.839 1.8467,23.7
embodigight, Uf Agnpus Gt the TystSinas anderogivies Yt G be

_-154.436 Variable 26 _INFINITY 2.010 1,5523 63.424. 27 _ |

describedyiatss, Tys 2 lagd lomthNANRIiT o & mepber, g5k7a Balf grgle ofgriew, R 1s

INFINITY 1.000 As the lens position_is shifted from
a radiug pecuivaairengiis an anteelenstgronp digiance, ddissheedractive index for the

d line (A = 587.6 nm) and Vd is an Abbe constant for the d line. Also, "ASP"

indicates an aspheric surface, and "INFINITY" in the R (radius of curvature) field

indicates a flat surface.



D2 between the first and second | ens groups GRl and

GR2, di stance D9 between the

second and third I ens

groups GR2 and CGR3, distance D16 between the third and
fourth lens groups GR3 and GR4, distance D 8 between

the fourth and fifth groups 20 GR4 and GRS, distance
D20 between the fifth and g xth lens group GR5 and GR6
and distance D25 between the sixth | ens group GR6 and

le w-pass filter LPF will vary. Table 2 shows an

3%l &r -1 ens di stance at each of wide angle end,

Surface NdIt|®x medi ate focal | ength|between theNa de angl|evdéand
1 tellgglog 0 ends and tel ephotei1®&nd al onpi.sdsth a fladalss
2 lerfagBhsi2 F nunber Frio., andiamal f angle of view w

3 Tablgo.g2d 14.71132.0597 69]878p Fno.| 278501 3. 728800

4 5. 054545 CO 42. 6615 21.911/7|40915638 D2 1.000 21.214
5 4345614 D9 36. 851 13. 343 1]866) D16 3| D3654. 579 20508
6 D18 %6.7087 5.394(7.430 D20|d42829 7.97[/14%1086 D24 .207
7 Z.000o% 935 Z1. 8QEp The seyengh, tenth, sixteenth,

IR ni ffegaenth and fwelTth T enssgep f aces ar.exsbor ned | 20.880
9 asO@hee and the aspheric CoghbleCientp are as shown in
10 TafQlxe 234 Tt shoulagpbe not edp2ddhat 1 n [Tablage 3 and| 49.961
11 Tani;B3psNoW Ng aspheri C Coeh ksl ent S pngigeh ch Widslzoe
2 appeafs @t er, |E-i~ represgmfs an | néx whose base 1s
Tris O IRPRTYS, U [Tepresents|3agh FoJ "exanpl €,

14 28.726 1.200 1.9037 31.319
15 10.704 5.500 1.6230 58.122
16 —52.125 ASP Variable
17 —1000.000 1.000 1.9637 31.319
18 32.312 Variable
19 70.952 ASP 2.525 1.5831 59461

20 ~45.105 ASP Variable
21 ~13.563 1.200 1.8350 42,984
22 —55.331 1.839 1.8467 23.785
23 ~32.446 1.000
24 61.394 2.916 1.9229 20.880
25 —154.436 Variable
26 INFINITY 2.010 1.5523 63.424
27 INFINITY 2.100
28 INFINITY 0.500 1.5567 58.649
29 INFINITY 1.000

As the lens position is shifted from the wide angle to telephoto end, a distance
D2 between the first and second lens groups GR1 and GR2, distance D9 between the
second and third lens groups GR2 and GR3, distance D16 between the third and

fourth lens groups GR3 and GR4, distance D18 between the fourth and fifth groups




GR4 andf GRS, e

"0.12345E-

05" represents "

0. 12345 x 10-5i.

Tabl e 3

Surface No. K A A A A10 7 -1.092E-01 -2.822E-05

-6. 366E-08 6. 44E-11 -7.54E-13 10 0. O0OOE+00 -2.071E-05
-2.457E-08 -3.06E-10 2. 03E-12 16 2.549E-01 3. 840E-06
-2.542E-08 -2. 74E-09 2.67E-11 19 0. O0OOE+00 2. 296E-05
10 20 0. OOOE+00 6. 366E-06
-10 21 FIGS. 2 to 4 show

-4, 800E- 07
-6. 296E- 07
ab

aberration

9.29E-09 -1.23
1.12E-08 -1.35

pstapce;

when the focal

| engt

e”[ﬁiéﬁns whe ﬂﬁbaﬂ g’;téﬂg arrpl u%i}liganE%RGand

at the an
distance B 5 ketwaery the sixeh lpng g QR@%# I(&ﬁp@ﬁs ﬂ#@ﬁ&ﬁe‘”ﬂ vary.

i nternedi ate focal

aberration

FIGS. 2 to

when the focal

4., the vertical

| ength f

bet ween the wi de angl e
Tabhel2 shbwphotiotesrdss distaBze @beach efwida agle shdwintermediate

l ength fat the tel ephoto .
focal leapth betwesn ST wide angleendpblephotl cralseandatel aphote bdvalang with

axis indicates a

ratio to

a focal BRho#PEIT ﬁum@bﬂFnoh@.hdmmzﬁigl@&fmdvﬂdi cat es def ocusi ng,

solid 1ine

i ndicates a d

'l ne,

broken |ine indicates

TH1&21 1 ne and dotted line indicates a g line. In the
aqnhprl C herrations, the vertic

f f rmm:\ hei abt%7lhori zont al. | { 3%939%di cates f nﬁ?rgi'zﬁn
Fno. sol i d Li n; Q-Milrat es..a sag 328 mage surfs
@ br oken | jne*%4d? cates a 22 - Yildnal mage S 1119\5655:89 Ln
D2 the distort199 aberrations|2tHd vertical axfa456
D9 i ndi cat es g¥p.85lmage hei ght | Bs#f#Bhori zont al 2}i386
D16 indicates B3-#7stortion aber#8f3on ratiao. 1m2£4% ahove
DI8 fjrst exanpt®7 the conditiohd?4 1) ta (11) afé3%et as
D20 will be dest8$i%ed | r wi A% ef erence tolTaB¥%es 10
D25 and 11. Al 5%000as shown jn E?-@S 2 to 4, eachRl 89l the

The seventh, tenth, sixtcenth, nineteenth and twelfth lens surfaces are formed
aspheric and the aspheric coefficients are as shown in Table 3. It should be noted
that in Table 3 and tables showing aspheric coefficients and which will appear later,
"E-i" represents an index whose base is 10, that is, it represents "107™. For example,

"0.12345E—05" represents "0.12345 x 107",

Table 3
Surface No. K A’ A® A’ A"
7 —1.092E-01 —2.822E-05 —6.366E—08 6.44E-11 —7.54E~13
10 0.000E+00 —2.071E-05 —2.457E-08 —3.06E-10 2.03E-12
16 2.549E-01 3.840E-06 —2.542E-08 —2.74E-09 2.67E-11
19 0.000E+00 2.296E--05 —4.800E-07 9 29E-09 -1.23E-10
20 0.000E+00 6.366E-06 —~6.296E—-07 1.12E-08 -1.35E-10




aberrations is corrected in a good bal ance at the w de
angle end, internediate focal |ength between the w de
angl e and tel ephoto ends and at the tel ephoto end. FIG
5-shows the lens configuration of a zoom | ens system
as a second enbodi ment of the present invention. As
shown, the zoomlens systegpincludes a first lens
group GRI having a positive refractive power, second

| ens group GR2 having a negative refractive power,
third I ens group GR3 having a positive refractive 22

power, fourth |ens 8roup G4 havi ng a ne’ﬁ'ﬁjﬁ
FIGS. 2otet4 sowyaEeus pherralionswh @1;1 ir. H;gma{he state of
ositive refractive power and sixth | ens group GR6
at-infinitafbowsing neiGi 2 showsan abeirgidopaikon tha feeal deeth £ at the wide
sequentially fromthe object side. The first |ens
angle egd aup4. 7ERFIG.S flarwean hbematior vinenxht enterm@diatthiocsklength
| ens group GR2 is a conbination of a concave lens &

betweeh @lvé Wd@agglopadittiephshaldsds SAF58Feand FiGet shpwsin aberration
si de, concave lens G3, convex lens &4 and a concave

whentﬁeefb%a%giﬁhﬁaiﬂhbrtelebﬁaﬁ) SHPBBIRBI.s a conbination of
a convex | ens G which is aspheric at either side

tﬁ@%ﬁ%}wdl énﬁl&q@slﬁ)wﬁmlpi@s 595 mﬂlef\f&tm SIORRNEates a

a convex |l ens . The fourth [ens group

ratio to% lﬁeﬁ&gﬁﬁ%dhgﬁ?&tﬁ 58? ?ﬁdé@zegfg B%o@%ﬁm olfu!i {11131@ ﬂuﬁ%ﬁtes ad

a convex aspheri
bf@%%ﬁﬁ%m B BheaTlS BRI AR T
st G SRS e S SROLEY e e fod
focusméglgﬁgfhgg Et?dlgétgs agslai\gll%gl Er%aéel:q Sur ggeogrtljd I?r %rdlllm”%:rkndlc%%ges a
meridional image surface. In the distortion aberrations, the vertical axis indicates an
image height and horizontal axis indicates a distortion aberration ratio.

In the above first example, the conditions (1) to (11) are met as will be described
later with reference to Tables 10 and 11.  Also, as shown in FIGS. 2 to 4, each of the
aberrations is corrected in a good balance at the wide angle end, intermediate focal
length between the wide angle and telephoto ends and at the telephoto end.

FIG. 5 shows the lens configuration of a zoom lens system as a second
embodiment of the present invention. As shown, the zoom lens system includes a

first lens group GR1 having a positive refractive power, second lens group GR2

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




Surface No. R D Nd Vd 1 61.208 5.749 1.4970 81.608 2
453. 103 variable 3 109.374 ASP 0.200 1.5361 41.207 4
71.011 1.500 1.8830 40.805 5 16.719 8.717 6 -84.775
1.300 1.8350 42.984 7 62.847 1.306 8 61.963 3.697

1. 9229 20.880 9 -82.497 2.021 10 -31.659 1.218 1.8350
42.984 11 -52.883 variablg 12 19.011 ASP 4.917 1.6325
63.756 13 -53.964 ASP 4.155 Iris INFINITY 3.000 15

power, Bairdofens groun HILRAViRE ItV e Bacl P S SUTA g8 ggoup

40.805 19 41.637 variable_ 20 8 577 AS 400, 1. 5831

GRS haygng s posipive rafragtrve pgpey and alléflﬂé 15 Zrup ﬁ'éf; hayipg a negative
1. 8350 42.984

refractive power, arranged sequentially from the object side.  The first lens group

GR1 is formed from a convex lens G1. The second lens group GR2 is a combination
of a concave lens G2 having a composite aspheric surface at the object side, concave
lens G3, convex lens G4 and a concave lens G5. The third léns group GR3 isa
combination of a convex lens G6 which is aspheric at either side thereof, iris Sand a
doublet formed from a concave lens G7 and a convex lens G8.  The fourth lens
group GR4 is formed from a concave lens G9. The fifth lens group GRS is a convex
lens G10 which is aspheric at either side thereof. The sixth lens group GR6 is a
combination of a double formed from a concave lens G11, concave lens G12 and a
convex lens G13.

Table 4 shows a second example in which concrete numerical values data are

given to the second embodiment.



23 -24.965 1.800 24 -14.073 1.200 1.6968 55.460 25
-27.569 0.649 26 200.000 2.804 1.9229 20.880 27

-47.868 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 As the lens position is shifted from

the wide angle to tel ephotg end,
between the first and second | ens groups GRI and GRz2,
second and third | ens groups

T@&shance D11 bet

and GR3, distance D17 between the third and 24

ween t he

a di

stance D2

Surface lOUrR h [ ens grodps GR3 and|BR4, di st ahwe D19 betjéen
1 the digusth and flifth group$s.74R4 and [GRE70di st anjcsd.déDR1
2 bet|wsemnot he fifth and si xt hvdriagbis group G5 and GR6 and
3 di jtiameet D27 betlwsen the s{abdv | ens gy nsgp1GR6 andil.207
4 [owmass filter [LPF wilT varyoo Tabl e| bgsbows an| 40.805
5 I ntlaw7hens di stance at eachswide anglp end,

6 i ntlegaedy at e Todal Tength [bedoveen thergssde angller2and
7 Teligphei 0 ends and tel epholpz@d along Wwth a 1ocal

3 'engfilkgi, F nunmbher Fno., apgehal T and| godb Vi €W W0 880
9 rabl §,2¢9f 14. 700 35.4023 8by P99 Fno| 2.868 3. 8592
10 O 499§ g5V 42 347 196293 81P3IpP 1.8350 42084
11 —52.883 variable

12 19.011 ASP 4.917 1.6325 63.756
13 -53.964 ASP 4.155

Iris INFINITY 3.000

15 53.249 0.900 1.9037 31.312
16 11.333 4.643 1.6180 63.396
17 -47.031 variable

18 —567.820 1.000 1.8830 40.805
19 41.637 variable

20 82.577 ASP 2.400 1.5831 55.461
21 -42,774 ASP variable

22 —15.375 1.100 1.8350 42.984
23 —24.965 1.800

24 ~14.073 1.200 1.6968 55.460
25 —27.569 0.649

26 200.000 2,804 1.9229 20.880
27 —-47.868 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

D2 between the first and second lens groups GR1 and GR2, distance D11 between the

second and third lens groups GR2 and GR3, distance D17 between the third and

As the lens position is shifted from the wide angle to telephoto end, a distance




D2 1.000 25.960 51.460 D11 38.369 12.991 1.000 D17
2.100 4.647 1.800 D19 8.635 6.088 8.935 D21 2.800
4.942 12.179 D27 2.000 10.934 24.530 The third,
twelfth, thirteenth, twentieth and twenty-first |ens
surfaces are fornmed aspheric and the aspheric
coefficients are as shown,yn Table 6. Table 6 Surface
No. K A AA A10 3 0.000E+00 1.130E-05 -1.859E-08

3. 18E-11 11E-14, 12 3.5 -01 -2.478E-05 -4 -0
fourth 19113281@“136 GIf3 BREGIEA, filétaa%gﬁé gveen et 4y DHE ggups
97E-10 -5.31E-12 20 E+00 4. 486E- 05 3,

GR4 arnl GBS, distance J12 1y Betvoren A0t S0 o3 iy S(%O‘ip 67 ¢ GR6 and
2.58E-09 1.20E-10 FIGS. 6 to 8 show vari

distance D 7r et wens thwhsinth leas geowm GRxamghlawpass Alien & P willvap.
25 at-infinity focusing. FIG 6 shows an aberration

Table 5whewstaneinfeardahs Histayick at atch hedenogle eadgingemnetlints focal length
14. 700, FIG 7 shows an aberrati on when the

betweeh Hiewidksimile ahdeelephetogiisfandielepheto ¢mbalondevitnglfocal
and tel ephoto ends is 35.4023, and FIG 8 shows an

length £FSAIAbF o, VAR haanERCS viegnat h fat the tel ephoto
énd 1s 85.2599. In thé spherical aberrations shown in

Ta'l_a'lé3§' 6 to 8 the vertical axis indicates a ratio to
an_open F value, horizontal axis indicates defocusing
f solid linel14Pcates a d |354023 85.2599
Fno. 2.868 3.8592 5.4993
© 42347 19.6293 8.5166
D2 1.000 25.960 51.460
Di1 38.369 12.991 1.000
D17 2.100 4.647 1.800
D19 8.635 6.088 8.935
D21 2.800 4.942 12.179
D27 2.000 '10.934 24.530

The third, twelfth, thirteenth, twenticth and twenty-first lens surfaces are formed

aspheric and the aspheric coefficients are as shown in Table 6.

Table 6
Surface No. K A’ A° A® Al
3 0.000E+00 1.130E-05 —1.859E-08 3.18E-11 -3.11E-14
12 3.501E-01 -2.478E-05 —4.58E-08 2.23E-10 —1.66E-12
13 0.000E+00 1.432E-06 —5.922E-08 9.97E-10 -531E-12
20 0.000E+00 4.486E-05 3.29E-08 7.83E-09 5.14E-11
21 2.150E-02 2.479E-05 1.07E-07 2.58E-09 1.20E-10

FIGS. 6 to 8 show various aberrations when the second example is in the state of




line, broken line indicates a Cline and dotted |ine
indicates a g line. In the aspheric aberrations, the
vertical axis indicates an inage hei ght, horizontal
line indicates focusing, solid line indicates a
sagittal inmage surface and broken |ine indicates a
meridi onal inmage surface. kn the distortion
aberrations, the vertical axis indicates an inage

. hei ght .and hori zqontal axjs indicates, a.di stortjaqn .
at-infinipdprusingn FHEGIAWS IhaDSERRN SOEB T é@&i@?@hg pbthe wide
conditions (1) to (11) are npet as \giéjj be esc 'ggeld
angle enchise4. %P0 FI e fleshemscan abersaiaaswion Hirintermediats fogal length £
shown in FIGS. 6 to 8, each of the aberrations is:

betwee the wideeahgle and gelophdtal cnds és 36.4023, amdiElGnyshownan aberration
internmedi ate focal |ength between the w de angle and

when tHeefoephlehgtlefaithaneephotohmnd s @52 0 end. FI G 9 shows
the lens configuration of a zoom|ens systemas a

Intthé sph& Tt dbsmationsoshobREirPFESRNG té Bythrtveotical Axisindientes a
the zoom |l ens systemincludes a first lens group GR

ratio to RRWHR FBvRRS hdr{Rodiel £ irdiCateoWBfocusiagosslid HAS igdiostes a d
GR2 "having a negative refractive power, third |Iens

line, br@(&yﬂnéﬁﬁi%&a @%ﬂn@ 054 UbUed 1Rk iAdchis gg’%’l’iﬁé.’ 110uld fxpheric

ens group aving a negative refr Ive power,
fifth | r ' it of I agt.]
st o e PPN B RIRH iePRal [
fcusingS Ty uBOUEL r BLATPAEE SR 1B tes
e GRS b3 e B L RS PR bR an
. l ens group.GR2 s a, conbi nation of %ﬁlpn_cave lens 4
image heaghtrandcherinnsgaliaxas skieries & disipntineaabarratior 18hPect
si de, concave lens G5, convex lens G5 and a concave
Inlthagbeve sekmadtcxiample.dhe cgnditionsid) tas(1d) @sedich as vaH s
a convex lens G8 which is aspheric at either side
described éstenfvithi refareceatodTzble b hed 11l or ddof asorhoavn in FIGS. 6 to §,
each of the aberrations is corrected in a good balance at the wide angle end,
intermediate focal length between the wide angle and telephoto ends and at the
telephoto end.
FIG. 9 shows the lens configuration of a zoom lens system as a third embodiment
of the present invention. As shown, the zoom lens system includes a first lens group
GR1 having a positive refractive power, second lens group GR2 having a negative

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

group GR4 having a negative refractive power, fifth lens group GRS having a positive




concave lens &® and a convex lens G10. The fourth |lens
group GR4 is fornmed from a concave lens Gl1. The
fifth lens group GR5 is a convex lens GlL2 which is
aspheric at either side thereof. The sixth |ens group
GR6 is a conbination of a concave |lens GL3, concave
l ens Gl4 and a convex | ensgGl5. Table 7 shows a third
exanpl e in which concrete nunEricaI vaIues data are
ven to,th hird e
refractif PORepRd SOdh %@09589@5 Bt EheerlSs Shctye bISs,

4.000 1, 58.12 31 0 4 69.9 4.092
arrangeg sgqpent, wglzm‘gam the phgect ¢ %a}f%ﬁatge%g@w éﬁﬁ 194200
1.5361 41.207 7 69.272 1.500 1.8830 40.805 8 15.456

combingtien of 9 dowblegformed fion a rprsavdlens 451 and gonearlegs §8hand a

11 39.617 3.186 1.9229 20.880 12 -304.336 2.793 13
convexlets 635 TlerecindB56 gtoup&R2 iva cambaBiorar abdmcave lens G4
having a composite aspheric surface at the objecf side, concave lens G5, convex lens
G6 and a concave lens G7. The third lens group GR3 is a coi’nbination of a convex
lens G8 which is aspheric at either side thereof, iris S and a doublet formed from a
concave lens G9 and a convex lens G10. The fourth lens group GR4 is formed from
a concave lens G11. The fifth lens group GRS is a convex lens G12 which is
aspheric at either side thercof. The sixth lens group GR6 is a combination of a
concave lens G13, concave lens G14 and a convex lens G15.

Table 7 shows a third example in which concrete numerical values data are given

to the third embodiment.




15 19.823 ASP 5.000 1.6180 63.396 16 -42.552 ASP
5.000 his INFINITY 1.580 18 60.961 0.900 1.9037 0.313
19 12.616 5.500 1.6180 63.396 20 -32.237 variable 21
-323.526 1.000 1.8830 40.805 22 32.230 variable 23
64.803 ASP 3.007 1.5831 59.461 24 -30.077 ASP
variable 25 -15.089 1.100 5k 8350 42.984 26 -33.111
2.904 27 -13.200 1.200 1.5209 64.097 28 -23.078 0.814

,r%iﬁﬁoo.ooo 2.785 1.9229 20.880 30 -52.191 variable 31
q NITY 2.820 1.5168 64.198 32 INFINITY 1.000 33

Surface NONEIRNI TY 0. 500 1.5567 58. 649 34 ITNFINNdY 1.000 |Asdt he
1 lensigposd tion 13 shifted frosvdhe w dei.sdigl e to |33.841
) tellephRed 0 end, q di stance |[Bbodetween|i.Bmorirst jagsd22
3 SeqangiiEns groyps NI and|[ &Ry distapce D14 between

4 U g 60043 4.092 1.7725 49.624
5 298.241 variable

6 95.817 ASP 0.200 1.5361 41.207
7 69.272 1.500 1.8830 40.805
8 15.456 7.474 ‘

9 —97.927 1.300 1.7725 49,624
10 40.837 0.630

I 39.617 3.186 1.9229 20.880
12 —-304.336 2.793 ;
13 —25.835 1.279 1.8350 42 984 ¢
14 —34.463 variable o
15 19.823 ASP 5.000 1.6180 63.396
16 —42.552 ASP 5.000

Tris INFINITY 1.580

18 60.961 0.900 1.9037 0.313
19 12.616 5.500 1.6180 63.396
20 -32.237 variable

21 —323.526 1.000 1.8830 40.805
22 32.230 variable

23 64.803 ASP 3.007 1.5831 59.461
24 -30.077 ASP variable

25 —15.089 1.100 1.8350 42 984
26 -33,111 2.904

27 —13.200 1.200 1.5209 64.097
28 —23.078 0.814

29 200.000 2.785 1.9229 20.880
30 —52.191 variable

31 | INFINITY 2.820 1.5168 64.198
32 INFINITY 1.000

33 INFINITY 0.500 1.5567 58.649
34 INFINITY 1.000

As the lens position is shifted from the wide angle to telephoto end, a distance

D5 between the first and second lens groups GR1 and GR2, distance D14 between the




second and third |l ens groups GR2 and GR3, distance D20
between the third and fourth |ens groups GR3 and GR4,
di stance D22 between the fourth and fifth groups GR4
and GRS, distance D24 between the fifth and sixth |lens
group GR5 and GR6 and distance D30 between the sixth
| ens group GR6 and | ow pa filter LPF wll vary.

Table 8 shows an inter-lens di stance at each wi de

angl e. d, inter | at al. len bet ween the w d

second 3 ird Rpis U Gite. BA é@iﬁ‘%@‘é‘%b@?dﬁz}‘{ﬁ%ﬂbﬁwﬁl i
a focal ngt F.nunber and h | f an

fourth lgpegraups émg <15R44d1?@@cg é)gggets@e?&% a&é ?@@%ETOUPS
3.810 5.3334 m 42.439 19.754 8.6818 D5 1.000 23.940

GR4 angi7GB37 dispinredd24betvicenabs fifttoged spsplylensgroun GRY and §9Ry6 and
D22 7.380 4.516 7.580 D24 2.560 4.355 9.304 D30,

distancé DBI0bet e $h@ sixH0lens Preus IGR hand i dwqmss filtes LEewil wary.
twenty-third and twenty-fourth | ens surfaces are

Table 8fshiomechrasidrelens dasghdehit caslpvade angleedid, citenhediateefomrsl length
shown in Table 9. Table 9 Surface No. KA A A A®6

betweef) tlQ@Q}Ed@%éle QhdEelphoth &rl3End8efplbittedd alodg9¥ith d4ocdb

3.501E-01 . 607E-05 -9. 334E-08 9. 69E-10 -6. 26E-12

Iength f, F number Fno., and half angle of view .

Table 8
f 14.700 35.087 83.7453
Fno., 2.853 3.810 5.3334
(0] 42.439 19.754 8.6818
D5 1.000 23.940 47,327
D14 33.950 11.434 1.000
D20 2.621 4.514 1.800
D22 7.380 4516 7.580
D24 2.560 4.355 9.304
D30 1.000 11.035 26.501

The sixth, fifteenth, sixteenth, twenty-third and twenty-fourth lens surfaces are

formed aspheric and the aspheric coefficients are as shown in Table 9.

Table 9
Surface No. K A* A° AP AlY
6 0.000E+00 1.077E-05 —1.930E-08 3.357E-11 -3.97E-14
15 3.501E--01 —2.607E-05 ~9.334E—-08 9.69E-10 —6.26E-12
16 0.000E+00 1.816E—-05 ~8.468E—08 1.16E-09 —6.83E-12
23 0.000E+00 2.098E-05 —1.184E-07 3.90E-09 1.03E-11
24 2.150E—02 8.062E-07 -1.977E-07 3.68E-09 1.66E—11




16 0. OOOE+00 1.816E-05 -8.468E-08 1.16E-09 -6.83E-12
23 0. 000E+00 2.098E-05 -1.184E-07 3.90E-09 1.03E-11

24 2.150E-02 8.062E-07 -1.977E-07 3.68E-09 1.66E-11 29
FIGS. 10 to 12 show various aberrations when the third
exanple is in the state of at-infinity focusing. FIG
10 shows an aberration whem the focal |length fat the
wi de angle end is 14.700, FIG 11 shows an aberration

w10 5 FALTT B S aco
at-mfm@?sé&%%ét %ﬁﬂ% M Shoton sherstion %@ﬁ%&%ﬂ%@%@% wide

to the vertical K axis indicates a ra
angle eméu 1Sah4 afaﬁ,nF IrG \lé| shewsrigy abesrtion whew thovatereddate focal Tength £
def ocusing, solid line indicates a d _|ine, broken
between Hrewidriangle esd delephotocenadsds 35:089dand F&Gi hslewsen abgtration
line. In the aspheric aberrations, the vertical axis
when thenfcableagtianat the gelehkotghind @3 5% al |ine indicates
focusing, solid line indicates a sagittal imge

Inghbie¢ kpleeicib dbbriafien dhowen IMBIGRE B3 tal2, nbeivditioe laxisnadecates a
surface. In the distortion aberrations, the vertical

ratio to %ﬁ'@eh@V&l%%oﬁibnthl@ﬁ@ iMiRE£BS déf&ub@ﬁg' 36101 Bhe ddidatesa d
indi cates a di stortl on aberration ratio. I n the above

line, br&ﬁlﬂ ﬁ%@% 213 éﬁﬁ‘&iﬂbﬁ ﬁﬁn@lﬂdf’c@te@ b19 igse I’E‘Pfhea&sphenc

ater Wt reference to Tabl es

aberraﬁ%gg tilé iveﬁllcca‘? ’ax?sslnaﬂ:% edéﬂnﬂ@‘lmélgt E}Bp%ntal ﬁ?‘é d (ﬁEatteg

'ons i's correc ance a

s 0 vt BB B P BB it
mericicGg] LS SRPRHAE, Th R g S b BB 3P bostesan
image helg%t a\ln%shoa}'llrz%n?zﬂoa\;\gs {nr(]:‘ll(;;%gsl & dils?ort%rrlldabte?r%%%nlrgtlg he

In the above third example, the conditions (1) to (11) are met as will be
described later with reference to Tables 10 and 11.  Also, as shown in FIGS. 10 to 12,
each of the aberrations is corrected in a good balance at the wide angle end,
intermediate focal length between the wide angle and telephoto ends and at the
telephoto end.

Corresponding values in the conditional expressions (1) to (5) for the

aforementioned first to third examples are shown in Table 10, and those in the

conditional expressions (6) to (11) are shown in Table 11.




condi tional expressions (6) to (11) are shown in Table
11, - - e me e - - - 30 Table 10 Expression (1)
DW1-2) DT(1-2) 1 1.000 43.456 2 1.000 51.460 3
1. 000 47.327 Expression (2) DW2-3) DI(2-3) 1 36.851
1.366 2 38.369 1.000 3 33.950 1.000 Expression (3)
DW3-4) DT(3-4) 1 3.937 44 2 2.100 1.800 3 2.621
1.800 Ex ression (4) DW4-5) DT(4-5) 1 6.037 7.430
T%*%S 835 8.935 3 7.380 7.580 Expression (5) DW5-6)
896) 1 4.829 15.086 2 2.800 12.179

Expression (1) DW(1-2) DT(1-2)
1 1.000 43.456
2 1.000 51.460
3 1.000 47.327
Expression (2) DW(2-3) DT(2-3)
1 36.851 1.366
2 38.369 1.000
3 33.950 1.000
Expression (3) DW(3-4) DT(3-4) .
I 3.937 2.544
2 2.100 1.800
3 2.621 1.800
Expression (4) DW(4-5) DT(4-5)
1 6.037 7.430
2 8.635 8.935
3 7.380 7.580
Expression (5) DW(5-6) DT(5-6)
1 4.829 15.086
2 2.800 12.179
3 2.560 9.304
Table 11 _
Examples of given numerical |fgd/Twi  Ndegd Vdg4 Twbf/fw Btgb |fg4/DT(4-5)|
values
1 2.336 1.504 31319 0.457 1.394 4.625
2 2.969 1.883 40.805 0.420 1.656 4.885
3 2.242 1.883 40.805 0.352 1.844 4.348

It should be noted that each lens group in the aforementioned embodiments of
the zoom lens system according to the present invention is formed from only
refraction lenses that defiect incident light by refracting (that is, lenses of such a type
that deflect the light a the boundary between media different in refractive index from

each other), to which the present invention is not limited. For example, the lens




3 2.560 9.304 Table 11 Exanpl es of given nunerica
fg4/ Two Ndg4 Vvdg4 Twbf/fw (3tg6 fg4/DT(4-5)) values 1
2.336 1.904 31.319 0.457 1.394 4.625 2 2.969 1.883
40.805 0.420 1.656 4.885 3 2.242 1.883 40.805 0.352
1.844 4.348 It should be noted that each lens group in
the af orenenti oned enbodi mgnts of the zoom | ens
systen1according to the present invention is forned

group i Bt Fitpied i r?ﬁﬁac oSG ol e S ipRlemt E? 5& fiffraction,
refractign RN EFgHon VS o5t et Aiest TRFIORR KeRiPR E@m%enqt@n of

whi ch_t he present [ nvent| on.is not limted
diffractigrnand ecfradhion; egfsacgive 1gd@(;g1sﬁgpuu§é le@sqs,éhatfc}qﬂﬁct incident light
diffraction | enses that deflect incident %ht by
under thi¢ a¢tier of smciractisfeoriadex distdbfiemm ﬂmrmhgh@r@l‘d Béﬂr@es
that deflect incident |ight by a conbination of
Albiof & sarfheohavingd noedptanal power (fof raample reflective surface,
i ndex-distributed | enses that deflect incident |ight

refractivederfatder diffraofio®budade)imae be disposetbin theslightipath conbemd the
the media or the |ike. Also, a surface having no

light pARbefitt aR8Weler,(drah tBX MTBHR of! 8id ASdrh Yénsdifsiane, The bending
refractive surface or diffraction surface) may be

pins a7 BOSEEl bR By R AT syt e
ore R RSB Qg™ e sl ool

A%eh' SR R oA U S B S ARG one
lens group 01t Ilnr(])ge of the lens groups included in the lens system or a part of one lens
group nearly perpendicularly to the lens axis. A combination of a detection system
to detect a camera movement, drive system to shift the lens groups and a control
system to shift the drive system according to an output from the detection system can
provide a vibration-free optical system.

More particularly, according to the present invention, a part or all of the third,
fourth and fifth lens groups can be shifted perpendicularly to the lens axis to shift an
image with less fluctuation of aberration.  Since the third lens group is disposed near
the iris, off-axis light beam passes by near the lens axis so that coma aberration taking

place when the lens groups are shifted will fluctuate less.

FIG. 13 shows the configuration of an imaging device adopting the zoom lens




| ens group or nore of the Iens groups included in the
| ens systemor a part of one lens group nearly
perpendicularly to the lens axis. A conbination of a
detection system to detect a canera novenent, drive
systemto shift the lens groups and a control system
to shift the drive systemsgccording to an output from
the detection systemcan provide a vibration-free

: optical syste r articul.arl according to the
system, s riafher orofinst of dibresept iy ertia’ e thira,  fourth

and fift e roups, can be shifted .perpendi cul arly
A§ howa 1t g#& LicitBe mhgimerdevice, seReglvingiafeyith a reférence
fluctuation of aberration. Since the third lens group
numeraj 4 Oginchrics @ snesm lensd and an image ssasing fgrice BRIt an
by near the lens axis so that coma aberration takin
optical phage farhad bhthe zawen densulikinge ensheditied signal. f IItmhqwzlﬁ be
| ess. FIG 13 shows the configuration of an inmaging
noted thitethe anagogdrising dédvace 30 miwose, 3ar examplemn GSDachigercoupled
enbodi nent of the present invention. As shown in FIG

device) | BMOBg coffplantd ey eeal- e kahldondndicrpbethewikd) a@The zoom
reference nuneral 10, includes a zoomlens 20 and an

lens sydtéMARcORIAL @@tlf@?ﬂe%ht%ﬁvéﬁtﬂin ﬁﬁg\’c_%rﬁs%d% th@PbbfAkns. Each
i mge forned by the zoomlens 20 into an electrical

lens gro?ggilﬁﬁgieudggtinﬁﬂé’%&nkl s Sdad ]]tﬁ’safhetfl@b&?@%ilﬁ&ﬁ%ﬂﬁfa present

may use, for ‘exanple, a har ge- coup
. . Vi t . - i . .
inventi s fhonHIO ACEREMRNRY SHBIGEH § Sipels s inFIc 13
accordin o th resent inventio be used a
Of cous3 e oRth fefis sHiteRLA R sy B ek nbSGRaR L 1o
system 1. as. the first .enbodi nent .of the esent
prosent TR AV i TSRBIANS SR o Sled ok A G aPa plspibsgsed
as a single lens in FIG 13. O course, the zoomlens
as the zgouy keas 20or 3 as the second or third enbodi nent of the
present invention, having Br eviously been il]|ustrated
An glectricad signali produged bydhpabg¥e image sensing device 30 is sent to an
Image separation circuit 40, a focus control signal is sent to a control circuit 50, and
an image signal is sent to an image processing circuit. The signal sent to the image
processing circuit is processed into a form suitable for subsequent steps of processing
for display on a display apparatus, recording to a recording medium, transfer by a
communications means, tc.
The control circuit 50 is supplied with external control signals from the focus

ring, focus switch and the like and allows various operations in response to such

control signals. For example, when the control circuit 50 is supplied with a focus
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as the zoomlens 20. An electrical signal produced by
t he above i nage sensing device 30 is sent to an i nage
separation circuit 40, a focus control signal is sent
to a control circuit 50, and an inmage signal is sent
to an i mage processing circuit. The signal sent to the
i mage processing circuit 43s processed into a form
suitable for subsequent steps of processing for

di Ia o a ar.a ecord
commapéﬁﬁ Bt Tl YuRBP BN 1 BGHH 78 1l %ﬁy‘fﬁ’ésﬁgmt 60
cont r ol rcuit 50 is supplie vvlth rnaI
to move g fhuiegngra G %PYQ@EWIP&EBW%E fera Fpedich
the |like and all ows varlous operations in response to
correspenging todhe ferussiognmpnd. Féfoswatipnon tipaesitieg, dsteeics by each
circuit 50 is supplied with a focus 33 comand from
sensor $heofithe feuthulensrgroip Gik4 is sunpliegite the genivel cineuit 79 anda
a driver circuit 60 to nove the fourth I ens group G4
referred to whpn edetiding aedmposid signalftorthe dfivealircugrtgt. h Also, when in
corresponding to the focus command. Information on the
the AF pasie] dmncormiaileticait 3ycleakhb the snsosf BRusol dihheftaisistdf a
| ens group GR4 is supplied to the control circuit 50

signal %ﬁ@'to ﬂﬁflﬁ{arg@%eb&a%ﬁ%lﬁhﬁﬂ(ﬂlaﬁﬁ cdneelyedotithnets #Oup GR4,
t edrlve circuit 60. when in the AF npde, the

for exa,g@ﬂ'é Ehl'iscb‘f ltheftﬁ‘wcéi‘ %ﬁj&ﬁlttdﬁﬁfcﬁ'taﬁt tﬁﬁulfn%\éﬁhﬁg on the

signal sent to the i mage separatio

T eﬁl%{}e—m ﬁuoﬁ‘g@nﬁe@hg%e%{%ﬁ) {]‘QAI Ui odofinged nggm?ﬁd'forms as

or exarrp Vers cl rcw
practiclpiihe PR atean’s SR aad IR %M‘@’?%é@? bga#’bﬁ%d 2
camera\%lﬁte#);g a}g tgg Lgfgyrﬁ%gﬁéi Lhe d 'ngcmﬂ qh%}et\éi gel(lj F@?’Fﬁﬁ digital video

i nput t put device such as a di gjtal
cameraggibe fsmLfW@é?tsﬁ I & sagicka, TR (PE LPW@MS&I»‘&%‘%&& pAmera,
(Personal Digital Assistant) W|th a camer a,

etc.

It should be noted that concrete shapes and numeral values of the components,
specified in the description of the embodiments and examples, are given herein just as
example ones intended for implementation of the present invention, by which the

technical scope of the present invention will not be limited.




etc. It should be noted that concrete shapes and
numer al val ues of the conponents, specified in the
description of the enbodi nents and exanples, are given
herein just as exanple ones intended for
i npl enentation of the present invention, by which the
techni cal scope of the pregent invention will not be
limted. 34 CLAIMS 1. A zoom |l ens system conpri sing
at least: a first lens %mﬁm havi ng a positive
refractive power; a sec s group GR2 having a
negative refractive power; a third lens group GR3
having a positive refractive power; a fourth |ens
group GR4 having a negative refractive power; a fifth
1. Aprenm lgnspaystarcoiaptisigg &t pjesst:ti ve refractive power; and

a sixth lens group GR6 having a negative refractive

a firsmdens gronpiiietl haemgenpositivy refradimetpoverhj ect si de,
zoomratio being varied by changing the distance

a fondéend ugct]iﬁ@ davidenacggivaugestactihe pdinerance, taken
as DWi j), between the i- and j-th |l ens groups at the

atﬁiﬁ'ﬂen@@%ﬁ) E€RS Mmgq pisitivef defilatiive pBgicrg and that,
taken as DI(i-j), betwéen the i- and j-th [|ens groups

| ! i ‘ Lt it s Rgi Ng
aﬂrr)ttleletl ngg %@@g}:ﬂﬁow nggﬁggﬁg%l?‘ig g%fgid(tif')e’p’czv%'f? (3), (4)

a Affl 1609 gl()lﬂ) %]ﬁa@ngﬁ ngi}fv%)reﬂﬁgﬂv%‘%'eﬁ)anﬁ DT(2-3)

a sixth lens group GR6 having a negative refractive power, arranged sequentially

from the object side,

zoom ratio being varied by changing the distance between the adjacent lens
groups, |

the distance, taken as DW(i-j), between the i- and j-th lens groups at the wide
angle end during at-infinity imaging and that, taken as DT(i-j), between the i- and j-th
lens groups at the telephoto end during at-infinity imaging meeting the following
conditions (1), (2), (3), {(4) and (5)

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

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

(3) DW(3-4) > DT(3-4)

(4) DW(4-5) <DT(4-5)

(5) DW(5-6) <DT(5-6), and
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(3) DW3-4) > DTI(3-4) (4) DW4-5) < DT(4-5) (5)
DW5-6) < DT(5-6), and 35 focusing being nade by
noving the fourth |l ens group G4 axially of the

| enses. 2. The zoom | ens system according to claiml,
wherein the fourth lens group GR4 is fornmed froma
singl e concave | ens, and a4 ocal |ength, taken as fg4,
of the fourth |l ens group G4, that, taken as fw, at

the wide angle end of th e | ens e
fofBfipg e AAHe By 0 xita 15 ot AShs.4i5Hp WRA Sally pfthglenses.
the foyrth lens gro G4 and Abhe constant,. taken as
2. Thgigeom Jprsisysioia ageording Lot B, PR @@?@u@h@w geup GR4
i meet the followi ng conditjons (6), (7) and (8). (6)
is formed drom pgupglgjconcavedleng,andl. 8 < Ndg4 (8) 25 < Vdg4 3.
The zoom | ens system according to claim1l, wherein
a {deah lanigeh, zaloen asafddo of the fourthelenagrath GRik thati takearg fw, at the
fifth Iens groups GR3 and GRS are noved toget her
wide arggle ghl pf tlie whoke lean sesteny] reffhetiwomdek crakes s Nadpd, along the d
according to claiml1l, wherein a back focal |ength
line of {tedfoiuvthl lend grivp GRAVEIISABINe talEtant, tdkekenr dgd\widdng éie d line
the wi de angle end and focal Iength, taken as fw, at

of the fhlifhWekkeo @8 GR 4 e fthé ﬁﬁld\ﬁﬁﬂggcdlﬁlﬂ%lﬁs\’@?(’x) pat(gy.he

followng condition (9). (9) 0.2 < Twb < 1.2 5.
SLGH 4 ystem according to claim 1, wherein the
CARTRLFSI o

(7) 1.8<Ndg4

(8) 25<Vdg4d
3. The zoom lens system according to claim 1, wherein when the zoom ratio is to
be varied, the third and fifth lens groups GR3 and GRS are movéd together axially of
the lenses.
4. The zoom lens system according to claim 1, wherein a back focal length
(equivalent air conversion table), taken as Twbf, at the wide angle end and focal
length, taken as fw, at the wide angle end of the whole lens system meet the following
condition (9).

(9) 0.2<Twbfifw<1.2
5. The zoom lens system according to claim I, wherein the sixth lens group GR6
includes at least one concave lens having a negative refractive power and one convex

lens having a positive refractive power, arranged in this order from the side of an




i ncludes at | east one concave |l ens having a negative
refractive power and one convex |ens having a
positive refractive power, arranged in this order from
the side of an 36 object; and a |latera
magni fi cation, taken as (3tg6, at the tel ephoto end of
the sixth lens group GR6 ghould desirably neet the
followi ng condition (10). (10) 1.1<(3tg6<2.0 6. The
zogm | ens system according to claim1, wherein at
object; @Bdst one side of each Iens included in the fifth
ens_group. GR5 is f or ned aspheric. 7. The zoom | ens
%@bmaaa@&mongta&@n@s Ated.at thy tﬁl@phptvx/w@ﬂ af4hg shgh tlfmé? group
zoom ratio fromthe wide angle to tel ephoto side, the
GR6 should desissbiy grest fheasllavngwosditscd Mo the | mage
surface side and then to the object side. 8 The zoom
(10gnis1 syftigérns Adkcordi ng to claim 1, wherein when varying
the zoom ratio fromthe wi de angle to tel ephoto, the
6. Tk ss@ndendetsvaractheii®to tlaihdnsvigreinmt 16834 ohe sfdef dfheach
| ens group GRS is decreased fromthe wide angle end to

lens indltiged Hii @ereth e gfrf) 096 GRS eNfirhedntiph&ge. i ncreased from
the internediate focal length to teI ephoto end, and

7. Tﬁ@ﬁ‘o&h%@%@telﬁ%@&dﬁg BTélﬂIrﬁ)l Qﬁiéﬂ@iﬁ%ﬁ&?v&% ¢ thefsbm

fifth | ens “groups and GR5 and focal t aken
ratio fr i tpg&vlﬁgfan%%ﬁt Ift Il'é@hgt(dé?é ?%m@éﬁf&% 8%] 4ng}’1ClVed gnee to
v MR R e, 2000 L VA
b RGeS R S B RESa T S
ratio from the r\?&ldg re]mg ettlcﬁgiephg%g %he glstanceli)etween the fourth lens group
GR4 to fifth lens group GRS is decreased from the wide angle end to the intermediate
focal length and then increased from the intermediate focal length to telephoto end,
and the distance, taken as DT(4-5) between the fourth and fifth lens groups GR4 and
GR35 and focal length, taken as fg4, of the fourth lens group GR4 meet the following
condition (11).

(11) 3 <|fgd/DT(4-5)| <6

9. Animaging device including a zoom lens system including a plurality of lens
groups and in which the zoom ratio is varied by changing the distance between the

adjacent lens groups and image sensing devices to convert an optical image formed by

the zoom lens system into an clectrical signal, the zoom lens system comprising at




the zoomlens systeminto an electrical signal, the
zoom | ens system conprising at 37 least: a first lens
group GRI having a positive refractive power; a second
| ens group GR2 having a negative refractive power; a
third I ens group GR3 having a positive refractive
power; a fourth lens groupsGR4 having a negative
refractive power; a fifth lens group GRS having a
positive refractive power; and a sixth |lens group GR6
havi ng a negative refractive power, arranged
sequentially_ _fromthe ohj.ect side, zoomratio being
a fiest lens grpup KRy ihﬁ‘gmtgﬁépﬁfrlgl"% ﬁ%’@aq}werﬁ he adj acent
| ens groups, the distance, taken as DWi-j), between
a sdeend lensgrouptGRE daying dopgatiie reh@civa®owshgl e end
during at-infinity imging and that, taken as DT(i-j),
a thetdleas gtdip GR3dmavipg alpositemstedractipe pawerhe t el ephot o
end during at-infinity inmging neeting the follow ng
a fownth lehoaeouplGRA(2Iving 3)neghttye agltladtble fdyer;
DW 1-2)<DT(1-2) (2) DW2-3) > DT(2-3) (3) DW3-4) >
a BRG3cds grobth) GRYvRIg 5 pNitide b SIvd e weR)and DT(5- 6),
and focusing being made by noving the fourth | ens

b
a %&ﬂ?l&n@?g%@ﬁ:gi?id Haxﬁﬁ%lta;i’i?‘e%aﬁ% @Sfractiid pohker hﬂﬁﬁ%étlgsequentially

evi ce ng to 9, wherein the fourt ens

from th8'dbyékt @fsﬂe, I's

zoom ratio being varied by changing the distance between the adjacent lens

least:

groups,

the distance, taken as DW(i-j), between the i~ and j-th lens groups at the wide
angle end during at-infinity imaging and that, taken as DT(i-j), between the i- and j-th
lens groups at the telephoto end during at-infinity imaging meeting the following
conditions (1), (2), (3), (4) and (5)

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

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

(3) DW(3-4) > DT(3-4)

(4) DW(4-5) <DT(4-5)

(5) DW(5-6) < DT(5-6), and

focusing being made by moving the fourth lens group GR4 axially of the lenses.

10. The imaging device according to claim 9, wherein the fourth lens group GR4 is




38 fornmed froma single concave | ens; and a focal

| ength, taken as fg4, of the fourth |ens group GR4,
that, taken as fw, at the w de angle end of the whole
| ens system refractive index, taken as Ndg4, al ong
the d line of the fourth | ens group GR4 and Abbe
constant, taken as Vdg4, ajgong the d line of the
fourth lens group GR4 neet the foll ow ng conditions

(6), (7) and 6) 15<fg4/fvv| <35 (7) 1.8 <
formed Ngym %g‘glﬁé’ogg%%k(ﬂ drhe | magi ng deV| ce accor di ng to
cIa|m9 wher ei n V\,henthfz omratlo vari
a faeal lemgity talsen as fodn of thes e ataéc CRES a% at the

together axially of the Ilenses. 12. The im
wide angtle coé of towhiohylens spstamarefraciiver iadex dalser RS ?\Islggs along the d

l ength (equivalent air conversion table), taken as
line of Tehfourtatlenhgronpde Raragided elpeicamsdartiptakien asdfiph alongcde d line
as fw, at the wide angle end of the whole I ens system

of the foBAh léhegronp| GRA igeet clod fltdvoimg(Dnditi@)s (@3),2(7§ andifB).f w <
1.2 13. The imging device according to claim?9,

(qu.ﬁkﬂfgﬁﬁwftmfh l ens group GR6 includes at |east
one concave |l ens having a negative refractive power

n Jpvex | ens having a positive refractive
(720\?\1/9?@8 anged in this order fromthe side of an

bj d a lateral magnification, taken as (3tg6,
(SZt ﬁe tc%%'ephoto end of the sixth Iens group 39

11. The imaging device according to claim 9, wherein when the zoom ratio is to be
varied, the third and fifth lens groups GR3 and GR5 are moved together axially of the
lenses.
12. The imaging device according to claim 9, wherein a back focal length
(equivalent air conversion table), taken as Twbf, at the wide angle end and focal
length, taken as fw, at the wide angle end of the whole lens system meet the following
condition {9). |

(9) 0.2 <Twbfifw<1.2
13. The imaging device according to claim 9, wherein the sixth lens group GR6
includes at least one concave lens having a negative refractive power and one convex
lens having a positive refractive power, arranged in this order from the side of an
object, and

a lateral magnification, taken as ptg6, at the telephoto end of the sixth lens group




GR6 neets the follow ng condition (10). (10) 1.1 <
(3tg6 < 2.0 14. The imagi ng device according to claim
9, wherein at |east one side of each lens included in
the fifth Iens group GR5 is fornmed aspheric. 15. The
i magi ng device according to claim9, wherein when
varying the zoomratio frgmthe wide angle to
tel ephoto side, the first lens group GRL is noved once
to the. | mage surface,side and then to the object
GR6 mg?taé{fe i‘éio“fﬁg qoﬁlgbtfq{jg(@e}vi ce according to claim9,
wherei n. when varying the zoomratio fromthe w de
(18hdi b<tf52bsi 2Phot o, the di stance between the fourth
lens group GR4 to fifth |lens group GRS is decreased
14. Tha iomaging devive agagiding frickagnih oherewy st OBCTASPT cach lens
| ength and then increased fromthe internediate focal
includedandh fifth lens griupt GREnd foumed aspherigi st ance, taken as
DT(4-5) between the fourth and fifth | ens groups GR4
15. Tlanidndghg dedicefaecatdihg tgthimt% kdreram whén vafying ¢hd sammhatio
| ens group GR4 neet the follow ng condition (11).
from thé Wide3nsld foxéldphofo Sié, theirst lens group GR1 is moved once to the

image surface side and then to the object side.
16. The imaging device according to claim 9, wherein when varying the zoom ratio
from the wide angle to telephoto, the distance between the fourth lens group GR4 to
fifth lens group GRS is decreased from the wide angle end to the intermediate focal
length and then increased from the intermediate focal length to telephoto end, and the
distance, taken as DT(4-5) between the fourth and fifth lens groups GR4 and GRS and
focal length, taken as fg4, of the fourth lens group GR4 meet the following condition
(11).

(11) 3 <|fgd/DT(4-5)| <6




