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Descri pti on ZOOM LENS AND | MAG NG APPARATUS 5
Technical Field This invention relates to a zoom | ens,
and an imagi ng apparatus using this zoomlens as an

-image-taking lens, and particularly to a zoom|ens of

rear focus type suitable for a small-sized imaging
apparatus such as a digital still canmera, 10 a hone
use video canera, and the lIike, and al so capabl e of
performng a zoomfactor of 3 to 5 tinmes, and to an
i magi ng appar at us usi ngpeseEiptEaem | ens. Backgr ound
Art 15 In recent years, a digital still canera and a
digital video canmera have w dely spread as honme use
appar at uses, s HEit5eAnD el WebARATEESI gn has
been reqU|red to those small-sized imaging
apparatuses. On this account, an image-taking lens to
e rticularly a zoom | ens i s required to be
T%%Hgg?§i|€%&ﬁ§o by shortening its total Iength and
hori zoint &l iseptthionFueliberes tanad reoaveses; andtbe lieaging
erformance, is also required for such image-taking

BASAFBT BSHRYI tats s199 iﬁﬂﬁw%ﬁ|i?r%¥ﬁﬁﬁn§€kf89aﬁensf and

paB¢heaserof e pubhelend P x&lS 'chﬁHng}g‘)émsQiﬂ'Qable for a
device. in addition to the mniaturized design

' .Sz@lﬂrSha%d ey iagorpratafuexaiml @5 ehdigitalo sGdililegamera,

C 00 e r
e e e N B P E e L O BB BB e BB pming
aszden deetopved]l X oofDeuses| sammhde poSwi=hlieg dppaasidsyusing
mnpiaturize a total lens system and to obtain an

ﬁggFﬂ@m @t or mance suitable for a solid-state

i magi ng device having a 30 | arger nunber of pixels. As
such' zoomlens of rear focus type, a zoomlens
Bagkoreurd \AXY% ens groups is well known, wherein the
zoom .
B
cgmeup EENH ngalmegpﬂaabéaﬁeﬁbmetuﬂﬂ;appemetuséslfanﬁdfurther

l-ens. ﬁ 5OSI IVG refract| I’]L_‘g}gg)t _ d
ot BUFERCVERe GIAT ol Ry PEROEPET VEe SFRy SPower size

iaRgiAg apparatuses. On this account, an image-taking lens to
bemounted, particularly a zoom lens is required tobeminiaturized
by shortening its total length and horizontal depth. Further,

an improvement in the lens performance is also required for such

" image—-taking lens for a digital still camera in 'response tc an

increase of thé number of pixels in such imaging device in additien
to the miniaturized design. |

It has been knoim, for example, that a so-called rear focus
type zoom lens, where lens groups other than a first lens group
providedat themost object side aremoﬁed to focus, ismadepossible
toeasily miniaturize a total lens system, and to obtain an ii:naging
performance suitable for a solid-state imaging device having a

larger number of pixels. As such zoom lens of rear focus type,

a zoom lens having five lens groups is well known, wherein the
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5 fifth lens group having a negative refracting power,
fromobject side in this order, and a zoom ng
operation is carried out by noving the second and
fourth lI'ens groups, and a focusing operation is
carried out by noving the fourth | ens group. For
exanple, there is a zoomlens configured as above

whi ch satisfies following 10 equations (1) to (3),
wherein focal lengths of the third lens group and the

. ddoht Tersenscanoupatsetd Bavardt filst Bdhd §B@ifPaving a positive

qﬁﬁgnlflcatlon of the fifth |lens grou at a position
SPELARI BRFEEL 2 T/ Uhtend 8Tt PAY I taqugg"‘tége rgfracting
doeal, Leﬂgﬂh qeﬁsh%réﬁgoﬂgvirﬁgnsa p5QUPvE Sréfzrar?d'l% power,
focal lengths in this total systemat a w de-end I5
saf@uathel ererat e hbwinana Fasitiee, pefravelyq frawer, and a

f t 0_Japanes Pate bllcatlon . .
G5DAGts BEDED naldndtholeae, KBLAN LU SO0 Mom obsect
sG..d& ¢nl thbs /oﬁcﬁerl énd. & zooming (cheraZfod. 2s <cdrfd o€t by
6 ...... 0.25 <1 f2/ fw ft <0.37 ...... (3)
Hﬁ@&@ﬁﬂhg? 5?"(°%§“%5€HI EBASPa&S=eFP Sy cf”‘dje?l gPguging operation _
1R < 8G eChu 19y ﬁb@ﬂn@fthla%r%ﬁsﬂ__te@l@zﬁ}&f wg f@kbggmpn@,gegere
by foldlng an optical 25 path int mddle fromthe
ifsi ps®op®N eg$o©@nﬁxQQﬂ¢d mggebpianehicly sHortidest fellowing
f h SSe€ i ng. .
A 0 0 B9 o P ERs ST 1 G HIE ol g 1ens
girens duri n:gle ZﬁlO':Tﬂhngleﬁﬁ‘ergﬁidL@n dre t#85 ugndindsdoawn imaging
directions. For _ exa there is a zoom | ens that
MRGEIEL Lo Pﬁﬁélegﬁ% 16RA F5PUP Phi RIS 0 TRt PRaeCt

dRQWER ce & S8EONPE & n.sy gL Bawing @@n&@ﬂq}f ¥fle second lens
refracting power, a third ['ens group”having a

ggegpﬂﬁvéZreﬁrhépcﬁblﬁ@méhsJ&h@haSﬂéu@ﬂhSY%ﬁgngﬁd@ﬂlde -end
V | e-r ef n n t

R T e S Rt e

tmndbpdaesa.P&Manmdmﬂﬂnmmtuon Ravi B@l 31 TUr (deegyrgpbupsmber

per f a zQom operation by noving the
[bgg%hdt%n@&g§UWt%lﬁenggbroups,_mherein 5 the first
| ens group includes a first lens of a single |ens

having an negatlve refracting power, a prismfor
foldi%g3ah oﬁﬁldaﬁ3p£tﬁ 2.%and a secondeehh)of a

0.25 < | 2 7 Jaw-pf | <0.37 ... (3)

Recently, it has been considered to delete a projected
portion of lens system during taking images by folding an optical
path in the middle from the first lens group tb an image plane
to shorten the length of the lens when assemb.led in the imaging

apparatus,' and by setting a movable direction of the lens during

‘zooming operation in the up and down directions. For example,

there is a zoom lens that has a first lens group having a positive
refractingpower, a second lens group having annegative refracting

power, a third lens group having a'positive refracting power,
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power, fromthe object side in this order (for
exanple, refer to Japanese Patent Application
Publ i cati on No. 2000-131610 10 (paragraph numnber
[0010] to [00271, Fig. 1)). In the nean tine, in the
zoom | ens having the optical system where the optica
path is folded by a prism it is possible to realize
further mniaturization and a slimnodel design by
mniaturizing a size of the prism However in the zoom
an@ns by rdhsréms gdotp hapanes @oldtent Aactahgqower, from
Publ i cati.on No. = 2000-131610, there i's a probl emthat
PoR SHtaTeiee™ HHcP 9 49 o KRBS 0B eSO PR ERREOFACLude
tighgééﬁgtﬂdggidﬁﬂﬁﬂid@%dﬂyk%ﬁgﬁﬁéupéEhé@pef&éfﬂ§#&50ming
to further mniaturizé the prism because of
O@ev:emgndw mvorlgt bee grdord| apeérforrtdndens 2@?01&1459 wherein
\ i,0 resent c rati 0
%o€egsnteg Torféd uBr orbelglr%eganggj?%gﬁs%ang% Sglc 1§ l?rhs having
apr st vel fﬁfﬁfﬁdtﬁ.ﬁhgt;ﬁ:v&fﬂp@ﬁ&;@mf@@nﬂdleﬁ&gﬁn bp‘aical path,
focus type in which a, total lens systemis able to be

AR AT LedBY Hurt AERI HilAPaL IRTHihG PRE. priSmetracting

pOEROUE - GRTETd QRLRTs 8lle OB i19Als o28cPCFfOF MBNRGR1e, refer
Furt her, another "object of the present invention is to .

tor olppsEeas ﬁm@nﬁg PmpdaﬁaﬁaeneMypﬁglenzBem 12898 -6B1610
(E’%%%L%?ma e | ? m}gﬁalg 1S,systemis able

i i turizing the prism
Wi t hoLit tdetrmarotahe ,ntj;na:meomdnm:alens M vienfdremapcecal system
EUNNARY OF THE _I NVENTI ON Accgrdln tq the Eresent N
FYENtRDIPPEYFadr BRFR (15 SOLPE 2 Blove brobt &mesipte to

rb%l@EQVEd%GhérZﬁQHlé@ﬁ%ﬁéHﬁi&@ﬁtéﬁd zedsbym hH&éUdEEGign by
froman object side in this order, a first lens group

g nRAYRAYZ NP osi Tiare Orfeftﬂi&cppfﬁgmpov%éwe%rsé@oﬁael éAsm lens
gLaYRsDaVvisng an fleaal i ¥e  Lf r agk Ecga@%i@rpuﬁlié‘é{ldon No.
I r

ens group havi a positive racting power
2PoartBlél@enshgrelm dn@vbhgexa thesi i yeimgeteraetd amghlckness '

Pt S0 L Lo 90U Boving 2 Regallverenn, e 5o
de &k et ob %r‘f@ﬁé‘rn%lhhﬁtﬁgﬁggd the prism because of the
detezioration of the cptical performance. |
This invention 1s presented in consideration of
above-mentioned proklem, and it is an object of the present
invention to propoee a zoom lene of rear focus type in which a

total lens system is able to be miniaturized. by further

'miniaturizing the prism without deteriorating an optical

performance. _

Further, another object of the present invention is to
propose an imaging apparatus employing a zoom lens of rear focus
type in which a tetal lens system is able to be miniaturized by
further miniatu_rizing the prism without deteriorating an optical

performance.
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10 lens group and the fourth | ens group. The first

| ens group includes a front-side |lens group having an

- negative refracting power, an optical elenent for

folding an optical path, and a backside |l ens group
having a positive refracting power, fromthe object
side in this order, and wherein a condition of
1.3<P5<2.2 is satisfied, 15 provided that an inaging
magni fication of the fifth lens group at a position
where an object dsunnMaRYe OFSTEE INVENTION iSs P5. The
zoom | ens as descri bed above includes five | ens graqups

havi nPSEPSEIE; 78, EhReRER IR, 1Bt R, TPoRid9WEC S eathe

anRgat p¥ep1ERE, I 86t L H0p POVRIed TP Gk ORIRCIcrSIrdetbRized by

this order, and can perf orm 20 the zoom ng operation

iy luginagy firiee s Wi cantide dor tihid endeyr UPSrsThleens group
S..qQroup ) nt-s e

hﬁlvrlﬁh LS\[{BSl%el%gt Ir{elgl%é%% A otﬂegbowegre%%nd _Ir.]éltjgcggrll‘&p having

ael mﬁlﬁeorefnﬂcdjmg gdwer,optheéad lpathyramg laa\baigkes paeitive

-l ens group having sitive ref ractin wer from
e angl%‘? E’P‘“@F ué, f%r%%t]rf‘e“n%%%ﬂ BaY I eE °8ﬁ§18? rteﬁéaﬁ‘smg

peee@NthrNg difehf 1 §RolS RS vILY WP 4 i N ré@ﬁé‘c‘:ﬂﬂqg power,
operation beconmes an optical axis direction of the

whaERSN e Zoemd ngrerfradfiophes fqargtied pehdygrevipng sdet hagond
I n

G R Rl T e e T

aI Ensntﬁsam ikns g;arouphbavincﬁ azdmega’ame)ln]eécrlacdusg gmmer, an

ossi bl e, to _shor th
PEGEh TR Toh oy OB L Fohea Ty i PG 10 Lens
gebepehathd Repobi ef¥e Yed@acaflyi SoRSSitRbA A dMikytt Oide
shorten the total Iength of the | ens system but al so
inghiwsker desredridewhenre iaf 4 condiel ofi afdt < [Bf< 2 heis satisfied,
| Si ni e9 f h
nggeﬁeﬁgaégggup%% E?Egﬁi&?lc!nigg? EOHD, A nkhEroup
atagnpbs taidaromh%&eofant b]sj it tdi d e egigupti 5nfnmrte_,aaed [35

larg than 2. 2, orrecti n, for

sohorTas F80nidis 8 MEIBLE SN EhiPtaes G vErens groups
hEvaHghebok st IRde redakliee, payidikke ﬂ»&@igilnga Pehé of ABRELive
to the 1 mage pl ane becones worse. BRI EF DESCRI PTI ON OF
refiE2 OREYW REge1 G rpr@n abjactas kR LR dhaP axdeR: sHshWFayPgrform

tﬁ@rgdo&éi%%%ﬁé&a%’i@ﬁﬁiﬁuo@fnftﬁ&%@c'oﬁﬁ%n%%&!ﬂkﬁﬂeﬁé’g?g&ps

enbodi nent "of the present 1 nvention;

The first lens group includes a front-side lens group having an

negative refracting power, an optical element for folding the
optical pathand abackside lens group having apoesitive refracting
power from the object side, and the movable directions of the
second and the fourth lens groups.during zooming operation becomes

an optical axis direction of the backside lens group of the first

" lensgroup, so that the lens systemcanbemade thinner. In addition,

30

by increasing the imaging magnification 5 of the fifth lens group

larger than 1.3 where an object distance is at infinity, it is

. possible to shorten the focal length of the lens groups positioned

‘relatively closer to the cbject side, and is possible not only
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FIGs. 2A to 2C are various aberration charts at a

short focal length end in a first enbodi nent; FIGs.

3A to 3C are various aberration charts at an 15
internediate focal length in the first enbodi nent;

FIGs. 4A to 4C are various aberration charts at a |ong
focal Ilength end in the first enbodinent; FIGs. 5A to
5C are various aberration charts at a short focal

l ength 'end in a second enbodi nent; 20 FIGs. 6A to 6C

@ ehyatéwUheabotsRtlicdiyteharttheallead systed padi &l to make
focal length in the second enbodinent; FIGs. 7A to 7C
sHad Lo ar 71 (RE TREE IVt FHATIR £ 8RS £%Tg ShEealend GgLR 2
b%@Qs'laet b§n§% ered:ments+ A g%’éu%o &Qh%rv%r, lf the
various aberration charts at a short focal length
igading Badgid fidaemiiood Pheof ; tiH GELEtB8ALeDs Yfraure Nsarinousased
aberratlon ts_at |nterrred| te fogcal ngt.h,in.
R G ertan e 2orreal® SERF ST of 8 | B ok Rica
a&betaaib@maﬁm&ébwﬁfﬁ:dlﬁﬂghezﬁm Fengidr esdnade shaller,
third epbodinent; 30 FIG 11 is a bl ock diagram of a
at%lnfcfl@u]r%i‘?w é’)‘?é’lfrﬁlr’éa’&?e 5 dibtﬁ fapIgt PN EFgWorse.
whi ch a zoom |l ens of the present invention. is able to
be nmounted; and FIG 12 is a sectional view of a

mount i ng st r RTEFeDESCREFTFIN Rt FHENDBRARINGS al stil |

caner n e 0
beTA ED Besc B v T PReleRBeb eret bR pan1e
offcl 1 outi g s abeordiharit srené eabotiheept €5 eht pregentiiarension;
described with reference to the_ attached draw ngi& o short
n

FIG 41%% £5&Ct Fon3Fe v SHoRPRGTa ton Tt

F%ANPL 8ng ) &id anZ Q0 LEPSeRsSding t 0 one enbodi ment
of the present invention. FIG 1 shows a

conf i BiFmt | 8 épamdft eabt &ardows| eébsrgsédons chgrts at an
g{ﬁg?ﬁ%{ifﬁé‘%&ﬂs 1%Eg@ﬂ i JBgi NG aRRALALYS: sUch, as a

FIGs. 4A to 4C are various aberration charts at a long focal

length end in the first embodiment;

FIGs. 5A to 5C are various aberration charts at a short
focal length end in a second en{bodiment;

FIGs. 6A to 6C are various aberration charts at an
intermediate focal length in the second embodiment;

FIGs. 7A to 7C are various aberration charts at a long focal
length end in the second embodiment;

FIGs. 82 to 8C are various aberration charts at a short
focal length end in a third embodiment;

FIGs. S%A to 9C are various aberration charts at an

_intermediate focal length in the third embodiment;

FIGs. 10A to 10C are various aberration charts at a long
focal length end in the third embodiment;

FIG. 11 is a block diagram of a configuration example of

- adigital still camera towhich azoomlens of the present invention.
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still canera and the like. In this zoomlens, a first
| ens group GR1 having a positive refracting power, a
second lens group GR2 15 having an negative
refracting power, a third I ens group GR3 having a
positive refracting power, a fourth lens group G4
having a positive refracting power, and a fifth | ens
group GR5 having an negative refracting power are

provi ded from an ob%ect side to an imge plane | MG
ix delentd hbs rondered;Fantther, at the i mage plane 20 | MG

side of the third | ens

roup,GR3, _.an iris IR for

adj ustthy tan Srfouiftctor F?gﬁ%eﬁ" ST 3 pBRE e ¢ FUPEHER ©°F
Rinpbhent §R6e PlARQ ] M 1SdAR Qf i f e ckbbdifnd @NST 8hOWPResent
GR5, a filter FL including a low pass filter such as
@veniteared cut filter and the like is disposed, and

a cover glass CG of an inmmging device is provided. 25
The i mage pl ane | MG becones a |ight receiving surface

of anDETAILEL) DESCRICYION COF dRHEN FREPERRAR I EMBQIUIMENIS

Devi ce), d the like. _Thi.s zoomlens is confiqured
Do bofh rDIBERE L b Br AL Ok T RESP R (HEention is
deecended enst e reR2eand the fddnlkal aprswiggoup GR4.
If the zoom ng operation is performed fromthe short

30 foEHF- PehyPhsendl anplk HeeV GRGWABEA CPBAYERTRRAEN" BREIPLE
C : ,

oFRE A L8050 SLOHRT, Le BRKEALLL AT Bt HleBEh e 3hdEnt Son.
GR4 i BIGm\edhbwona tdmnfiigage tpbansxanfis sifde toon Hens used
obj ect side, respectively., Further, this zoo | ens.

a3t GPeT8 CAKHI LBHS UaP /GG N IRRE LN S| SO &8 DRsaLtal
st@1CaFdmbra0hd tthe foedisi ng ey abben by, D \ikgteldhegroup
fourth lens group 5 GR4 or fifth I ens group GR5.
GRArRAEINE RePPFHEIVT ERSTIPBURT GRICKas? £IMG! eSPefgoup CR2
hgg}{ga Qn B9 Y lraeétrﬁg@tﬁs re%hifg H%%'ssﬂﬂp &®F having

rng an optical ~ path,”and a sing ens” L2 havi ng

aappestive ergfefacadnigngopenera fofurdin fhes opfeut GR4déaivhng a

this.order. Accordingly, a.nmov 0 directi f
oPah L B ot E e AR T 1 ot Tk 8 Seying an
negalbde #Of e tdmqopbiveal adXiwddiideat Fe8modn tdejdc@nsibd to
different fromthe optical axis direction of the |lens
aprimage R HEE SoBFdet thkT gEdeT n FHRETPPEsEMTDS image plane
1RELOMIIRIE thkhen! £01S) dnk b%oﬁﬁnéﬁﬁyJ%%diEQS IR for adjusting

an amount of light is disposed, and further at the image plane
iMG side of the fifth lens group GR5, a filter FL including a
low pass filter such as an infrared cut filter and the like is
disposed, and a cover glass CG of an imaging device is provided.

The image plane IMG becomes a 1ight receiving surface of an imaging

- device such as a CCD (Charge Coupled Device), and the like.

This zoom lens is configured to carry-out the zooming
operation by moving the second lens group GR2 and the fourth lens
group GR4. If the zooming operation is performed from the short
focal length end to fhe long focal length end, the second lens
group GR2,is moved from the object side to the image plane IMG

6 .
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be a neni scus | ens having a convex surface toward the

obj ect side, 15 and both surfaces of the lens L2 are
configured to be convex surfaces. Further, the second

| ens group GR2 is configured with three pieces of

lens L3, lens L4, and lens L5 formthe object side in
this order, and anong them |ens surfaces between the
lens L4 20 and the I ens L5 are cenented. Further, the
third lens group GR3 is configured with a single |ens
sli@e, RHd hee, cahieHf Detid BrbepscrROL U M 16 adBf ingieeflane
Mﬁth 2 pieces of lens L7 and lens L8, and |ens

MG phdestbethReRIERe 3i6its E9SBAGTIYRI Y enEurghege this zoom

l%ﬁMﬁQJys glé'btbgile& heatidddysl Leﬂﬁe 9LEQ4R s di%le to carry

configured wwth 2 pieces 25 of I'ens L9 and | ens L10,

oatd thenSosus frr @pebet er by moviags e @heantbytie: |lens group
0 ted. Fbre brief summary of the present

§ %vent?%ﬁ3$§ﬂ3ES§Fougd anth reference to FIG 1. As

ShO\AﬂmeltlFngthé fitrBe Zzeemtenscel Hizea piegeatiens L1 having

inventjon 30 is,configured to have a five-|ens- grouE
3cBRSE T HER i 56T 5 AP PPV The 2f PFE¥™ 1 'Ind ogr bap e Ao oPhical

phitht Nah@ns s9heuR {&F%s R3VhBgind 4 §fdsaeh b BOr POMRIS r@f power,
p03|t|ve negatlve p03|t|ve positive and negative,
frempébei veipctasedpr ovi dlequ@mlan &oqcemdlggélﬁ,i A mavable
I Z r :
dg%%'&iof? % igné’%ufr%g"p&&gé? Ee{Sf%hér ?Hcﬁé’l{?\é @Qatlons

€ Ssecon ens gro ens oup

- 16R4d dairtbhbé ens opEﬂdﬁaﬁhe&,lSSdiﬂ‘Ee:tfndrsbfl |is 1gneupz @Rfferent

has a front-sjde | ens group having negat i

Eref Hitd PR HOWE L Satt Tt R OEIt@ﬁe%‘fnsf ot ?‘bltﬁreﬁbos}n"bje"t

sQBEL Caln Rakhprabeh@ heeckindBt! efse AlRUPT.NaVE NbrEFigured to
positive refracting power from the object side in

ber nept geis 1¥he hayvablecanyes sughaceftovand tder plpigect side,
aﬁBOBbE‘]IQ Q@Qfé%’ecélsdfr@h%p%%ﬂ%hﬂﬁ‘sal? C@%E%]gtu‘}e*&e +3n béoconvex

trcal axis ction o e bac ens group
samﬁstewctlng the flrst | ens group GR1l as descrlbed

The. | BHEREFS: BT SSREPEd PRFVBy R RS Sor o A EB AP Chree
pdepth conshant,3 durdmigrit SarkPQWARILOPEIAL kBB @&bct side in
this order, and among them, lens surfaces between the lens L4
and the lens L5 are cemented. Further, the third lens group GR3
is configured with a single lens L6. Further, the fourth lens
group GR4 is configured with 2 pieces of lens L7 and lens LB,
and lens surfaces between the lens L7 and the lens L8 are cemented.

Further, the fifth lens group GRS is.configured with 2 pieces

.0f lens 19 and lens L10, and lens surfaces between the lens L9

and the lens L10 are cemented.

Here, a brief summary of the present invention is described
with reference to FIG. 1. |

As shown in Fig. 1, the zoom lens of the present invention
is configured to have a five-lens-group construction in which

the first lens group GR1 to the fifth lens group GRS having
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focusi ng operation, or regardless of on/off of the

power. 15 Further in the enbodiment, a single lens L1

and a single lens L2 are provided as a front-side

| ens group and a backside |ens group of the first

| ens group GR1l, respectively, and a prism Pl is

provi ded as an optical elenent for folding an optica
path. Further, the zoonl ens of the present invention

is configured 20 to satisfy a follow ng equation (4).
rbfFastindh povdrd éﬂbo@ﬁ_ﬁyvdedietgﬁ&hvbh@dsﬁﬂgwﬁg pos:.tlve and

magni fication of the fifth | ens grou
W@ﬁlﬁedllﬁsﬁ(ﬁlf’%%n %5 REeVided ﬁF Pfﬁlat“ecbjﬂﬁs"- é&;ﬂ%ﬁrbﬁhls

o(lﬁj)erdegh@ef.so E)Q@fohlﬂ% | TReH 1 g Hﬁgﬂéld%@%lyoﬁo(?% ithet Qecond
h|g er conpared with a related art. "I na case where

' ltEﬁ@ Jreavp @@%ﬁeﬂwthﬁsf@efsﬂhgk@ts forur AR4 formglimgeponefugsber,

S8 IR0 IR UL SRS S PO 5,00 -

enses are
n[&@ﬁrth_krénedffmcft&r@)]peﬁierSI da. ofhecebye ldrterits fakl €ollding an
shorten the total Iengﬁh of the | ens system .and to

RERE2S RAIFPe PPERS AT ELERINFE S GraBter 108 SRS U s Teh TeREing
ookt £ SN hEr R R de ARORG; Wok-RelNi Sthat REvAPLd G@kection
el ement for folding an optical path (the prismPl in
off] &eng )dyrd nghtecontigihendi Feerumy ederablenmicerpes to be an
[ I t a
E%glgtégnr%% zgle.np ChClhgl %%E ll?g:%;:’k%g.?ge.l{jgn% %ra&ﬁa £§ colplgq:ructlng
tﬁmgﬁmﬁstcmms)grd&s Ghe cendss chiddeainaib dnes | sw&tlhaltum is pakuéble

of the equ becones difficult t

QR ET e Rt SRt T AT Sy shERt |4 hp1 o Tefs Rake the
nbk@Rbnehdeqkens 8bAYParkt heuteR$ kdsi BobhbhglbpbPatheh and
first lens group GRL. Further, if the imaging

fREYALRY cCRrRT AT 1(B5 pecsnBardbeshove orHelfippérthe mawer.

val UeF@IEﬁJLelﬁqHﬁ‘é' X s)“h el Qe§ % 1AROESI £ tglngle

adequately correct t pheri cal rratlon when
lgdesi gh@ksgarasmedrm@ smahk-sheée H.ermn‘gebupaarmti faubbhkeside

B B P ERghis e Gel onERRE A R peom

 pdevd @@owdé@rageéry ogea&alferl@me%% £ pendi 64 laar bpdicaS0path.

shading and the like is generated and the inmaging
per f of e /i e st t orpphihe present invention is configured

to satisfy a following equation (4).

1.3 <ps<2.2 L. {4)

Provided that the imaging magnification of the fifth lens

‘group GR5 is B5 when a distance to an object is infinite. The

equation (4) defines that the imaging magnification B5 is to be
higher comparedwitharelatedart. Inacasewherethe lenssystem
is designe'd for the imaging power B5 to be above the lower limit
value, it is possible to shorten the focal length of the lenses
which are positioned more object side. Thereby, it is able to

shorten the total length of the lens system, and to make smaller
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In this case, the zoomlens of the present invention
is configured to satisfy with the above conditions, _
so that the novable direction of the noving each |ens

group is able to be determ ned 20 to one direction

during zoomng fromthe. short focal length end to

the long focal length end. Specifically, the zoom ng
operation fromthe short focal length end to the |ong
focal length end is able to be carried out by noving
itheee secotnidyd enamgtedmCRBef T8 ihheheoljiect 3ede dmoupheRrl.
i.mage plane | MG side and. al.so by noving. 25 the fourth
Along GriduphERs MeorPtHer ﬁ&ﬁ@e# ARF ERESETEEn P EHel path
@bleesti s @8- ik frizich) | enspdei M8 veSm & 4484 Q4 JYriHg the
the zoom ng operation, it is preferable that the
hegdgaotabnecrftond GRe aews tdiestfeouceh be efigr Yregupheraened.

are confi,qured, so that ch.stroke thereof satisf.ies

L O R B o ERE RS S SR G ERtA t pecomes
bedpw @h851lswerdZPmit ddlle <©R2.the .equatifEh) (Bn,t HitsSbecomes
case, the stroke of.the second | ens_ .grou from
dtl%%l_gHi)Ftt‘? 8@%? PRMYt FEn8T £t hes Id&%@‘ef;gﬁg??lpéaﬁé&ﬁulaﬂy
t8RArisn€l2ided 120 §houSt frake 18hsthe Hfowrkh 1 pnsh ¢heUPpirst
GR4 at a position where the object distance is at
lensigiaup ¢Rbm Fheteor tif goainieing hagehicat idreP$ brgomes
a%%@' th&nghB. end; | 5 Az, ’I%E e Cegcg;%’ti'ok '(h)?eg‘a”ﬁécomes

elow a |lower |imt value of the above menti one

ieguoatilohe (fn) adetabelbpres reetesisarsphieeieal arigertate on when

ffecti di t ft 10 f t I G4, }
RGO Th s RsEr T il L bos FrBb e R b agsenit

phght hBéconds id1daecesesnabongaplipperimti Md Maladgief of an

the equation (5), it becomes necessary to en]arge
lephecepgedent apBt ERS oMagheIf AP¥ictehd 4REUPLGRAPARE from

pttegggﬁgfampaéi geoy@ad%,an@n@hgfméﬂiigkgs&érﬁe& hed the

ens systemincreases In a 15 simfar way. In
iadditg oper asrmieser ibedeabovegatde first | ens group GR

i ncl udes t.hse front Eﬁi dze I er}tsEa qr Ol%pﬁEaVi n(%%ear]C qe%at itven is
refracting s FEREr, "PR TP iI'ER° EfeMBRIPTBI T oA NG “aR
copEl §atedot Bat 28l irheh thaekstdechensi iHUPo bAYE BBeAovable
positive refracting power, and it ,
direction of the moving each lens group is able to be determined
to one direction during zooming from the short focal length end
to the long focal lengthend. Specifically, the zooming operation
from the short focal length end to the long focal length end is
able to be carried out by moving the second lens group GR2 from
the object side te the image plane IMG side and also by moving
the fourth lens group GR4 from the image plane IMG side to the
object side.

If suchlensdriveiscarriedoutduring the zooming operation,

it is preferable that the second lens group GR2 and the fourth

lens group GR4 are configured so that each stroke thereof satisfies

with conditions defined by a following equation (5).
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20 is possible to nmake the effective dianmeter of the
lens LI small and to further nminiaturize the prismPl
by configuring the lens L1 with a neniscus |ens
havi ng a convex shape towards the object side, and
both I ens surfaces of the lens L2 to be convex shapes.
In such configuration, the lens LI is preferable to he
configured 25 to satisfy with the follow ng equations

~(6) and (7). neLl > 1. 8 velLl <30 30 In this case,

the refgsctiarai ndgxa ¢f <tpezlens LI to the e-ling is)
neLl, and the Abbe's nunmber based on the e-line of the
10 lens L1 is velLl. In this case, it becomes possible

to eashlphiGartye, e LPE, 8PS {16815 RBBET I LB roup GR2 from

‘correction in the first lens group GRl by satisfying

thiet Bheohe foordi Lenathfendhecethratioos {@)al Ilenggtdend dis, d22,
o, PREUTRR,ROSS! Bl A0 8RSH 4 SALLY Gkl Lhe el amatl Goer

erration corfection In ens group

that bsf ythii wahlzet he £oOr6ifi hoby of rdrthehequAbrdNEdcA)l. length

Next, specific nunmerical exanple of the zoom|l ens

RAGDGRE LRRS EOReL AGeEB R A Ssiotn TR U@ capg gt 1t becomes

b_@@%%r 5 %eﬁqqﬁie WENIE ofVahdevd benth bstq eéﬁ%ﬁ@i%ﬁm( 5),
is shown in Table 1. Further, Table 10 2 shows each

lfabaecnts sndansmanvenigt fniargm thengiibertivadianedler of the

ffeoiﬁlgllo:gilaqul 8r¥;ﬁ?ﬁg?‘?ﬂlc[rgggleth§%gcﬁésg r!)é Eﬁef .ort%.tlclens system

ment : OWS an aspheri
isurtases codfifritteenti Hf tbsitrieacebowoahi Gotwed 10t h value of
t%spheric,surface in the first enbodinent. [Table 1

BREALEL KAReVR’ NO'C LRSF L MF BFFBY 83837 arge EffLCtive
d22h0tdB33 2 the first lens group GR1 and the second lens group

GRZ2, and the thickness of the total lens system lncreases in a
similar way.

In addition, as described above, the first lens group GR1
includes the front-side lens group having an nega.tive refracting
power, the optical element for folding an optical path, and the
backside lens group having a positive refracting power, and it
is possible to make the effective diameter of the lens L1 small
and to further miniaturize the prism Pl by configuring the lens
11 with a meniscus lens having a convex shape towards the object
side, and both lens surfaces of the lens L2 to be convex shapés.
In such configuration, the lens L1 is preferable to be configured

to satisfy with the following equations (6) and (7).

nelLl > 1.8 . .. (6)
vell < 30 . (7)

In this case, the refraction index of the lens L1 to the

e-line is nell, and the Abbe’s number based on the e-line of the

10
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P1S3Infinityl2. 01 42 839628 S4Infinity0. 2..

~S521. 082(ASP) 2. 649 0.5 L2S6-24.326(ASP)to 6. 69
1.7717349.0 to 10.558 L3S722.8730.51 8 8396242
S87.5961. 449. . L4S9-13.8210. 4583962 42 18 S108 1 .

852203 .. 10.558 L5Si 154.65t0 4.368 1.93323.20.7 to

0.5 L6S1214. 364{ ASP) 1. 3471 40 810815 S13-248.61.0..

9. 548 ‘

lens L1 is veLl. 1In this case, it becomes possible toeasily carry
out the spherical aberration correction in the first lens group
GR1 by satisfying with the condition of the equatien (6). In
addition, it becomes possible to easily carry out the chromatic
aberration correction in the first lens group GR1 by satisfying
with the condition of the equation (7).

Next, specific numerical example of the zoom lens having
the construction as shown in FIG. i is described. Each numeric
value of the first embodiment is shown in Table 1. Further, Table
2 shows each value of a focal length f, an F-number, and a half
fieldanglewateach focalpoint inthe first embodiment. Further,
Table 3 shows an aspheric surface coefficient of a surface

configured with an aspheric surface in the first embodiment.

[Table 1]

11




| RS14-to 6.388 -- to 2.460 L7S1513. 282( ASP) 2. 48958547
2 159 S16-6 0 .. 7316 .. 1.0 L8S17-12.108to 4.160
1.8370122.2 to 8.088 L9S1812.2110.587004 33 15 Sig4 2
.. 7581 L10..1 2 4891470 S2017.6346. 688. .
FLS21Infinityl.01 0 5187264 S22Infinityl.12..

SURFACE
T NO. R d ne ve
L1 S1 29.14 0.69 1.93323 20.7
S2 10.463 3.2
P1 S3 Infinity 12.0 1.83962 428
S84 Infinity 0.2
S5 21.082(ASP) 2.649
L2 0.5 1.77173 490
- S6 -24.326(ASP)| to 6.69
- to 10.558
L3 S7 22.873 0.5 1.83962 428
S8 7596 1.449
L4 S9 -13.821 0.45 1 53962 428
S10 8.852 1.203
L5 10.558 1.93323. 20.7
S11 54.65 to 4.368
to 0.5
S1 14 .
Lo 2 14.364(ASP) 1.347 181081 405
S13 —248.6 1.0
9,548
R S14 - to 6.388 - -
1o 2.460
L 815 13.282(ASP) 2.489 1 58547 02
516 -6.731 0.6 '
L8 1.0 1.83701 222
S17 -12.108 to 4.160
to 8.088
s18 211 .
L9 L 12 95 1.87004 335
S19 4.75 - 2.81
L10 ' 1.48914 702
520 17.634 6.688
FL S21 Infinity 10 151872 64.0
S22 Infinity 1.12
cG 523 _Infinity 95 151872 64.0
S24 Infinity 0.99
- IMG Infinity - - -

12
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lirisFNR thp filtE95 FL, dnd thé78over §l ass 486G from

CGS23Infinity0.51 64 518720 S24Infinity0.99..

-IMAnfinity--- ~] 12 [Table 2] 5 SHORT FOCAL

| NTERVEDI ATE LONG FOCAL LENGTH ENDFOCAL LENGTHLENGTH

"END f5.159.9919. 36 FNo. 3. 553. 794. 51 w37. 7720. 4810. 77

[ Tabl e 3] SURFACE kC4CBC8CL0 NO.

~ S50- 0. 889034E- 040. 321802E- 05- 0. 844582E- 070. 894056E- 09

S60- 0. 677401E- 040. 347953E- 05- 0. 934105E- 070. 101138E- 08
S120-0. 107031 = :
ETe818.AP8982E- 050. 246216E- 06- 0. 131930E- 07

S150- 0. 129941 3

E- 030. 34485PESHORT 019 [OINTERMEDIAGEA - QONQWFODAL
Tabl e 1 (saje LENGTH EMD d4SEOCREAENGETHE | 2 LENG THRENE
3), the surface nunbers J to S24 desi gnates_an
entrahce fafe arti'&n exift facd98f [ight at 1338ent r &
axls_of thejrenses LI to|l0 CIU, the pfrsmPL, the

)]

TNE ODJ ECt prue Imm tns qraer. rFor_exappre, oI
desi gdat es |an &jHdct side | eR@4&urface, ard® 732
gestgnatres Fens—surface at the Tmage prane G stde
thereof. Further, S3 designates a surface of an
object side of the prismPl, and S4 designates a 15
[Faktacél of the i mage plane | MG side thereof. And as

f Hacgmented

$U|:|IBA¢E k|  ca cé cs c10
85 0 | ~0.889034E-04 | 0.321802E-05 | -0.844582E~07 | 0.894056E—09
S6 0 | -0.677401E-04 | 0.347953E-05 | -0.934105E-07 | 0.101138E-08
S12 0 | -0.107031E-03 ] —0.128982E-05 ] 0.246216E-06 [-0.131930E-07
S15 0 ]-0.129941£-03 1 0.344852E-05 | —0.253970E-06 | 0.114604E-07

In the Table 1 (same as later described Tabie 2 and Table
3}, the surface numbers S1 to 224 designates an entrance face
and an exit face of light at a central axis of the lenses L1 to
110, the prism Pl, the iris IR, the filter FL, and the cover glass
CG from the object side in this order. For example, S1 designates
an object side lens surface, and $2 designates a lens surface
at the image plane IMG side thereof. Further, S3 designates a

surface of an object side of the prism Pl, and S4 designates a

surfaceofthe imageplane IMGside therecf. Andas for thecemented

~lens, the cemented surfaces are designated with the same surface

number. For example, S10 designates a cemented surface of the
lens L4 and the lens L5.

Further, R is a curvature of respective surface, d is a

space between surfaces, ne is a refraction index to the e-line,

~and ve is an Abbe’s number based on the e-line, respectively.

~ In the column of the curvature R, a surface designated as (ASP)

13
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| ens, the cenented surfaces are designated with the
sane surface nunber. For exanple, S10 desighates a
cenented surface of the lens L4 and the |ens L5.
Further, Ris a curvature of respective surface, dis
a 20 space between surfaces, ne is a refraction index
to the e-line, and ve is an Abbe's nunber based on the
e-line, respectively. In the colum of the curvature
R, a surface designated as (ASP) 13 follow ng the

- flolrekt gV ahae niesrghatraiukhadkbsti rasels f a6€t i She surface is

conflgured wi th an as%herlc surface. Further, the

adatgedqudinare R EpAEe SHEERERN tﬁ‘ér%‘??'ac%h%mﬁlp%ce d

c@érlfgﬁﬁgegoac"sb'a@@@etv@yrﬁﬁﬁc@tsdﬁatcﬁeahwguP!’:’Q@@ doMtioned
i de. For exanple, the value for 5 the space d witten _

adﬂ atCﬁétctm the ifeget pika ey LG e deunbBer Skamgési drhat exslue for
e e t nd. t

e s b PR CEPITER FS CPhEE] AU G ek Biper 1

dﬂzsrigmangs ﬂm‘ItmlgckheszmmmlﬁﬁetdimechtClﬂ;SldEgand the image
perations |s de3|%nated as _the short focal Iength

t& Fotat FEngift =l 16t ARt fgmeving

desal tiehgllmeRd LM itRd ZQaMding eperatisiks iR dddSHynated as
order. Further in this first enbodi nent, both side

ther fhers (SH1 Andosk)enst, the Jrléiic%rnl_ezilattﬁef@@iibcltenﬂt@e and
t%%r;&?gef%g%g)legf thm§4 saélrt(géooﬂﬂg EJI rgtahgﬁtiﬁsggles order.

surtace ens are configure
aspheFmrthnn“haCEB;srfﬂap&némheﬁymeﬁmmeh&hapelaé fuefaces (S5

asph surface essed by follo

R o 1 1555 BL°5he B 35 Sy Apn la et he lens
U6, an@thahb é@tlsade\éua:ﬂa%b 9 3)hé 5 teaSnsAL sk MRE i gured
from an apex of each lens surface 20 in the optica

- vakhsaaheedE o 12098, BeIRRIUS G -cuFhastipee o ¥he aagharic
éH% 58e0995é%§g de FEBEQSWlnéi #q#gi% orgder, a sixth
: er g en

der "and a der aspheric

urface coeff|C|ents

x = v/ 1 +C4-y4+C6-y5+C8-v*®
1+ (1 -k - 2./ 17072

+C10 -yt e (8)

In this case, a distance from an apex of each lens surface

in the optical axis direction is x, a radius of curvature is r,

" and a conic constant isk. Further, a fourth order, a sixth order,
. an eighth order and a tenth order aspheric surface coefficients
- are C4, C6, C8B, and C10, respectively, and Table 3 (same as later

- described Table 6 and Table 9) designates values of these aspheric

surface coefficients. In addition, a character “E” in Table 3

' (same as later descr_ibed Table 6 and Table 9) means an exponential

notation to base 10.

- As like the first embodiment, by configuring at least one

‘of lens surfaces of the lens included in the first lens group

14
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~dotte

are ¢4, 6, C8, and Cl10, respectively, and Table 3

(sane as later described Table 6 and Tabl e 9)

desi gnat es val ues of these aspheric 25 surface
coefficients. In addition, a character "E" in Table 3
(sanme as | ater described Table 6 and Table 9) neans an
exponential notation to base 10. As |like the first
enbodi ment, by configuring at |east one of |ens
surfaces of the lens included in the first |ens group

GR4 @BthEhha&phéﬁp@EfmﬁfénﬂﬁEﬂﬂé1StpdSS1bQ§Shb|EOtﬁect the
correct the distortion and to mniaturize the

DR HARPRG THBIRFFidttliaret PP ARET 8 R Mg Elh% EEfectWe
ARkl er FUF tther 150s ttheshbiih RS ngkoUp theRB; rik ens group

- cenented surface (S19) of the lens L9 and the |lens L10

OB S stieorefamgmted %@‘-’ff%?ea (EdAVext shapéerdvigr anghehdbjeast 110
i3 A8y ¢ c?oréé‘a%da tbo LS POSS bJ % é)teo t%%[» CEh cfxﬂ %tl%e, so

aberra n reduce nSItIVI

thensi tgt ®pps &R5: st b Ia:oﬁ:especat cHopridtd ¢ ﬁ&tre:raltdbatarmht ofeduce

the | ens perfornmance, using of the c nt ed e
2 pepeSpEelibie (hoadhf o o Siiecp BRa Yhabe GPaRe B the

deherif-decenterimg1vht Har fokfahess a0uPing @ rreicemented

- the amount of energence of the coma aberration, and

lghse i'o irakessheledifupieidra sdasy. cf fihGg ipage plANG bacthe
. S

SBESSHRE Loy FRET LAY LO0, GDBELS, Bkt ShoRhol 60K rorence

olfongefccxmaal aIbEﬂghhl@m,d,arfCE‘EﬂJEOttNaia)ke 1Eelmﬂlfﬁa$t¢1a®eeasy

each chart Aof the ch rts de3|%nates heric

aber r&tForf® Witefefn 2°Vvar VG °4Ri &P ?Jér Eroqt i %‘a\ﬁtfhat the

shbet Frssmbaengehesnd he nehuht 8Fmd i AReFedal alkhgth, and the
hori zontal axis is a focus amount. Further, in the

lendr facat %?ﬂgﬁhﬂﬂ§ﬁvcﬁ?sgﬁﬁﬁ¥%ﬁﬁst a solid line

desi g f n8rical

e Bt B R et st P rice

alh85r8thog, wardedncneedbicalhaiis 13 rerdesy gnahesha F-number
a wavel en ectiyv

B R B R ot RS AIAPP S HERL g REOHe emount

ragthgPptinSthe WHEEEE RracHeEbheal c@Xiabek$aBlohdBEEsolid 1ine
hei ght, and a _horizontal axis is_a focus amount, and
dﬁﬁ?ﬁﬁ@Fe%ia§bPIélP?néa wavelength of 546.1 nm}, a dotted line

designates a g-line (at wavelength of 435.8 nm), and a one dot

chain line designates a C-line (a wavelength of 656.3 nmm),
respectively. Further, each chart B of the charts designates an
astigmatism, wherein a vertical axis is an image height, and a
horizontal axis is a focus amount, and further a sclid line
designates values in the sagittal image surface, and a dotted
line designates values in a meridional image surface. Further,
eachchartCthechartsdesignatesadiétortion,wherehiavertical

axis is an image height, and a horizontal axis is a ratio (%).

_ (These are the same in later described FIG. 5A to FIG. 10C.)

: Next, the second embodiment is described. Table 4 shows

each of numeric values in the second embodiment. Table 5 shows

15




25 designates values in the sagittal inmage surface,
and a dotted |ine designates values in a neridional.
-image surface. Further, each chart C the charts
designates a distortion, wherein a vertical axis is
an i mage height, and a horizontal axis is aratio (%.
(These are the sane in |later described FIG 5A to FIG
10C.) 30 Next, the second enbodi ment is descri bed.
Table 4 shows each of nuneric values in the second
edthodhieater Balbeadb shoyweh ¥, each-waldss gFNa. f pcald a halsf
length f, an F-nunber (FNo.), and a half field angle
il@étd Pl FoearCHEPAEl PRI hen$bEGRGOBRIGBEPHERENt . Further,
TeH1Ng showd 3 QS&Muﬁﬁaé’é EBEEE9CM€ @Qea surface formed
coefficient of a surface formed as an aspheric
asyehagerhari heswdemed ianbbdi peeend Brpdhmenn) | 16
gggg@gE ﬁdneve NO L1S149.2220.651 20 933237

14 P1S3Infinity7. 01 8 8396242
: S4Inf|n|ty0 3.. S512.463(ASP)2.264 0.5
- L2S6- 15. 463(ASP)to 3.578 1.7717349.0 to 5. 834
L3S793. 9390. 51

16 .




42 839628 S86.9320. 915.. L4S9-11.5810. 451. 8083146. 3
S108. 1720. 954 5.834 L5S1138.779to0 2. 756 1.93332320.7
to 0.5 L6S1211. 685(ASP) 1. 48581081 40 15
S13-63.377(ASP)1.0.. 6.78 [|IRS14-to 4.52 -- to 1.095
L7S1511. 903( ASP) 2. 2751. 5854759. 2 S16-6 0 1576 .
1.642 L8S17-11.138to 3.901 1.8126325.3 to 6.326
L9S1872. 3130. 581184

SURFACE
NO. R d ne ve
S1 49.222 0.65
L1 1.93323 20.7
82 8.859 1.4
s3 Infini 0
P1 Infinity L 1.83962 428
54 Infinity 03
S5 12.463(ASP)|  2.264
L2 0.5 1.77113 49.0
S6 -15.463(ASP)| to 3.578
_ to 5.834
s7 93.939 0.5 '
L3 : : 1.83962 42.8
S8 6.932 0.915
L4 ) -11.581 0.45 1.80831 46.3
$10 8.172 0.954
5.824
LS S11 38.779 to 2.756 1833323 20.7
to 0.5
S12 11.685(ASP) 1.485
L6 1.81081 40.5
s13 -63.377(ASP) 1.0
6.78
IR S14 - to 4.52 - -
to 1.095
s16 -6.157 0.8
1.642 .
L8 s17 ~11.138 to 3.901 1.81263 253
to 6.326
sig 23 .
L9 12313 9.5 181184 | 330
- 819 48 2416
L10 : 148914 70.2
$20 -64.888 7.709 -
$21 ity i
FL Infinity 1.7 151872 | 640
522 Infinity 1,12
S i .
cG 23 Infinity 93 151872 | 640
- 824 Infinity 0.99 '
- IMG Infinity - - -
[Table 5]
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33 10 S194 2 ..
S20- 64. 8887. 709. .
S22Infinityl. 12. .
S241 nfinity0.99..

8416 L10..48914 70 12
FLS21lInfinityl. 71 64 518720
CGS23Infinity0.51 64 518720
-IMAnfinity---

[ Tabl e 51 17 SHORT

FOCAL | NTERMEDI ATE LONG FOCAL LENGTH ENDFOCAL
LENGTHLENGTH END f 6. 9011. 6119. 63 FNo. 3. 593. 844. 40
W29. 9617. 8810. 68 [ Tabl e 61 SURFACE kC4C6C8C10 NO

~ lens L6, and the object side surface

SHORT FOCAL | INTERMEDIATE | LONG FOCAL
LENGTH END | FOGAL LENGTH | LENGTH END

f 6.90 11.61 19.63

FNo. 3.59 3.84 4.40

w 29.96° 17.88° 10.68°

[Table 6]

SU';EAGE k ca c6 cs c10
S5 0 | —0.134225E-03 | 0.727265E-05 | —0.533224E-06 | 0.125773E-07
S6 0 | 0.138365E-04 | 0.789051E-05 | ~0.573209E-06 | 0.141278E—08
S12 | 0 | —0.198678E—03 | 0.346214E-05 | —0.777197E—06 | 0.681143E-07
S13 | 0 | -0.179486E-04 | 0.374716E-05 | —0.616608E—06 | 0.541316E—07
S15 | 0 | -0.235604E-03 | 0.607670E—05 | —0.530289E—06 | 0.254700E—07

In this second embodiment, the both side surfaces (S5 and
S6) of the lens L2, the both side surfaces (S12 and 513) of the
($15) of the lens L7 are
configured with aspheric surfaces, respectively.
In the above second embodiment, similar to the first
embodiment, both side surfaces (85 and S6) of the lens LZ of the

first lens group GR1l are configured to be aspheric surfaces, so

the distortion is corrected, and the prism Pl is miniaturized.

In additicn, the cemented surface of the cemented lens {lens LS

and lens L10) used in the fifth lens group GRS is configured to

be a convex shape toward the object side, and.the chromatic
aberration is corrected.

FIG. 5A to FIG. 7C are various aberration charts at a short
focal length end, an intermediate focal length, and a long focal
length end, respectively. At each chart, each chart A designates

a spherical aberration, a chart B designates an astigmatism, and
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S50- 0. 134225E- 030. 727265E- 05- 0. 533224E- 060. 125773E- 07
S600. 138865E- 040. 789051 E- 05- 0. 573209E- 060. 141278E- 08
S120- 0. 198678E- 030. 346214E- 05-0. 777197E- 060. 681143E- 07
S130-0. 179486E- 040. 374716E- 05- 0. 616608E- 060. 541316E- 07
S150- 0. 235604E- 030. 607670E- 05- 0. 530289E- 060. 254700E- 07
5 1n this second enbodi nent, the both side surfaces

(S5 and S6) of the lens L2, the both side surfaces
(S12 and S13) of the lens L6, and the object side

= whbateC( 845)gmdtdshe KHessck¥iatie configured wth
aspheric surfaces, respectively. 10 In the above

seconlBhbGdF b STEPRETERT 6 ERRCHIREY  EFbRI nehfws sach
drothmsi-de warfaces (125 @NndSEhpohihde: | e@ﬁrgﬁepf tdeTaple

first lens group GRI are configured to be aspheric
Sehrueesichgaloheodiasstorel orerighe 6y rase fedmbnd tEN@ ): and
iaturi zed. n

LT ot S e crerE ekt ps R e o) the

Tlaﬁaé_(é 9 shéheah Ephet ensugf oo cGREL 1 siaanf ¢ muadeds bﬂ aspieric
onvex sq%ge toward the object side, and the ,
TOREL TR THTHA GHPPSESRFect ed. FI G 5A to FIG 7C

airgpyvarypus aberration charts at a short focal |ength

end, an internediate focal |ength, and a | ong foca

20 Iength end, respectively. At each chart, each chart

A desi gnates a spherical aberration, a chart B '

desi gnates an astigmatism and 18 a chart C deS|gnates

a distortion. Next, a third enbodi nent is descri bed.

Table 7 shows each of nuneric values in the third

enbodi ment. Further, the Table 8 shows each val ue of

a focal length f, an F-nunber (FNo.), and a half

field angle e) at respective focal point. Further, the

.Tabl e 9 shows an aspheric surface coefficient forned

as- an aspheric surface in the third enbodi nent.

[ Table 7] 19 '
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- SURFACE Rdneve NO. L1Si 28. 7250. 651 20 933237

S210. 453. 2. .

S4l nfinity0. 2..

P1S3Infinityl2. 01 42 839628
S520. 223(ASP) 2. 64 0.5
L2S6-27. 544(ASP)to 7.015 1.7717349.0 to 11.158

L3S737. 880. 583962 42 18 S88. 2541. 297. .

L4S9-27. 3220. 451 42 839628 S106 1 .. 776311 .. 11.158
L5S1122. 802t 0 4. 643
SURFACE
NO. R d he ve
S1 28.72 .
L1 8.725 0.65 1.93323 20.7
S2 10.45 3.2
33 Infini .
P1 niinity 120 1.83962 42.8
S4 Infinity 0.2
S5 20.223(ASP) 2.64
L2 0.5 1.77173 49.0
S6 -27.544(ASP)| to 7.015
' to 11.158
L3 S 37.88 0.5 1.83962 42.8
S8 8.254 1.297
S9 -27.322 0.45
L4 1.83962 428
~s10 6.776 1.311
L5 11.158 1.933323 20.7
S11 22 802 to 4.643 _
to 0.5
S12 10.412(ASP) 1.36
L6 1.81081 40.5
S13- 43.368 10
7.573
IR S14 - to 5.208 - -
t0 2.226
S . ]
B 15 10.051(ASP) 2.365 58547 5.0
S16 -6.286 0.6
L8 1.0 ©1.93323 20.7
S17 -10.598 to 3.365
to 6.457
Si8 . .
Lo 17.9801 08 1.83930 37.1
$19 475 2 554
L10 1.48914 70.2
S20 1.4856(ASP) 6.53
S21 i .
FL Infinity 10 151872 64.0
s22 Infinity 1.12
ca 523 Infinity 05 1.51872 64.0
s24 Infinity 0.99
- IMG Infinity - - -
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1.93332320.7 to 0.5 L6S1210. 412(ASP) 1. 3681081 40 15

S1343. 3681. 0. .

7.573

| RS14-to 5.208 ---

L7S1510. 051( ASP) 2. 36558547 59 12 S16-6 6 ..
1.0 L8S17-10.598to0 3.365 1.9332320.7 to 6.457
L10. 752. 5541 70

L9S1817. 98010. 51 37 839301 S194..

489142 S201. 4856( ASP) 6. 53. .

to 2.226
2860 ..

[Tabie 8}
SHORT FOCAL INTERMEDIATE LONG FOCAL
LENGTH END FOCAL LENGTH LENGTH END
f 5.15 999 19.36
FNo. 3.57 3.79 4.49
w 37.77° 20.62° 10.77°
.[Table 9]
SURFACE! « ca ce cs c10
S5 0 | —0.801729E-04 | 0.357209E-05 | —0.107727E—06 | 0.133399E-08
S6 0 | —0.647810E-04 | 0.373831E-05 | —0.113764E-06 | 0.143294E-08
S12 0| -0.123463E-03 | -0.407832E-05] 0.524971E-06 |-0.256521E-07
S15 0 | -0.297923E-03 | 0.516751E-05 | —0.501906E—06 | 0.229718E-07
820 0| 0.178451E-03 | 0.386156E—04 | —0.504340E-06 | 0.250770E-06
In this third embodiment, the Eoth side surfaces (S5 and
S6) of the lens L2, the object side surface (512) of the lens

L6, the object side surface (515) of the lens L7, and the image

(820} of the lens L10 are configured

rlane IMG side surface
respectively by an aspheric surface.
In the above mentioned third embodiment, similar to the

first embodiment, both side surfaces (S5 and S6) of the lens L2

.inthe first lens group GR1 are configured to be aspheric surfaces,

" the distortion is corrected, and the prism Pl is miniaturized.

In addition, the cemented surface of the cemented lens {(lens L9
and lens L10) used in the fifth lens group GR5 is configured to
be a convex shépe towards the object side, and the chromgtic
aberration is corrected. In addition, the image plane IMG side
surface of the lens L10 is configured with an aspheric surface.

As described above, it is possible to effectively correct the

astigmatism, and to shorten the total length of the lens system

21
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FLS21I nfinityl. 051872 64 10 S22Infinityl. 12.

CGS23I nfinity0.51 64 518720 S24I1 nfinity0. 99.
-IMAnfinity-- 20 [Table 8] 5 SHORT FOCAL | NTERVEDI ATE
LONG FOCAL LENGTH ENDFOCAL LENGTHLENGTH END
f5.159.9919. 36 FNo. 3.573, 794. 49 w37.7720. 6210. 77

[ Tabl e 9] SURFACE kC4C6C8C10 NO.

S50- 0. 801729E- 040. 357209E- 05- 0. 107727E- 060. 133399E- 08
S60- 0. 647810E- 040. 373831E- 05- 0. 113764E- 060. 143294E- 08

 b9126h £). i3 hGAH a3 0edOF 8)38 f0béh H240Fdd= D6t QerBESAhEI Qded

S150- 0. 297923E- 030. 51675
i G820 EBTDOREI VB 2B0 PRBEY Y SIOGEPRPEAS1Sur Tace

E- 0307388526k P4c0 1@@@."@%9@9&@9@29&9& Eﬂawé 2t a6)short

third enbodi ment, the side surfaces (S5 and
fgfcaflhket@tis ehd, atrhenbbpee,dl@edéosall flacethsla)d ef larefocal

e e e Ry S R S R
d Spﬁeiﬂéhlaébeﬁﬁeﬁﬁficgur @tdhart B designates an astigmatism, and
a chart C designates a distortion. '

In a Table 10, numeric values for finding conditions at
each of equations (4) to (7) in the first, second, and third

embodiments are shown.

[Table 10]
FIRST SECOND THIRD
EMBODIMENT EMBODIMENT EMBODIMENT
Eq.{4):B5 - 1.34 1.62 - 181
|Eq. (5) : |dZ2/dz4] 1.42 114 1.95
Eq. (6) : neL1 1.93323 1.93323 1.83323
Eq. (7) : vel1 20.7 20.7 20.7

As shown in the Table 10, the above-menticned first to third
embodiments satisfy each condition of the equations (4) to (7).
Further as apparent form the various aberration charts in FIG.
2A to FIG. 10C, it is clear that variocus aberrations are corrected
with good balances at the short focal length end, the intermediate:
focal length, and the long focal length end in each of embodiments.
Accordingly, a preferable zoom lens is realized as a zoom lens
for an imaging apparatus having a zoom factor of around 3 to 4
times, and particularly for a zoom lens for a digital still camera
having a larger number of pixels.

Next, an example of the imaging appara{:us employing the

._above men_tioned zoom lens is described. FIG. 1lisaklockdiagram
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.10 respectively by an aspheric surface. In the above
mentioned third enbodinent, simlar to the first
enbodi ment, both side surfaces (S5 and S6) of the |ens
L2 in the first lens group GRL are configured to be

- aspheric surfaces, the distortion is corrected, and
~the prismPl is mniaturized. 15 In addition, the

cemented surface of the cenmented lens (lens L9 and
l ens L10) used in the fifth Iens group GR5 is
stoRfihg W eonfogulsa iancammX sshapediqwardst ilecabd ectapable
side, and the chromatic aberration is corrected. In
S4dBPEREATY t T i3 LR ENGT | WS TP SurPEgRE b t he
| ens 410 4ii g1 e9nfdegunechd thi Akaspherihe1 88 £ aCamed BSock
descri bed above, it is possible to effectively correct
lhbav ey i gmiltRgAng afithatd oshopt eame e sigral PreRfsrion unit
h e e . ' is t e :
1ofet LR antal Pieftaan® Bt Bk sf il Pangibica
aghoups GRb add hhanl dephieri thes wabaceed FinAgeBAl §waFl Gn image
10C are varioys aherration charts at a short focal
PFERGERTBA, UBAtI nt&r meditat eSF00E"T ength, BRACESTTHY TOF
@62k /rSpt 8N ihgNthn rﬁ@@?@ii?@id’- cAyseachpehardy) a40 for
chart A designates a spherical aberration, a chart B

ddewilgnaneshencaptipritinege akthalay chartiG desikpratiegog or

ist:qrti T . i ¢ val L ndi :
SR Gl el i MR Fed i) ol Ll Bng
ihitrsthe senong caadd 1, CHU 6D0f ermbowlt melitisigartes sholmdigital

SENBO HERTENBED FERTENBLD) NENPREATPLl) oPgFation by a user,

-a_@.ﬂi-égééngzi]r-i@la &ht {02) unid 482% 2434t AL ikla 95 iB@. of Binses

neLl 1.933231. 933231. 93323 Eq. (7) : velL120.720.720.7

" within the camera block 10.

The camera block 10 is configured with an optical system
including a zoom lens 11 to which the present invention is applied,
an imaging device 12 suéh as CCD and the like. The camera signal
processingunit 20 carries out a signal processingsuchasadigital
signal conversion of the output signal from the imaging device
12, anoise elimination, an image quality correction, a conversion
to a luminance signal and a color difference signal, and the like.
The image processing unit 30 carries out the compression coding
and expansion decoding processing of the image signal, and

conversion processing for the data specification such as

resolution and the like on the basis of the predetermined image

data format.

" The memory card 5l is a detachable semiconductor memory.
The R/W 50 writes the image data encoded by the image processing
unit 30 into the memory card 51, and reads out the stored image

data from the memory card 51. The CPU 60 is a contreol processing

unit to control each of circuit blocks within the digital still
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.15 As shown in the Table 10, the above-nentioned first

to third enbodinents satisfy each condition of the

equations (4) to (7). Further as apparent formthe

vari ous aberration charts in FIG 2Ato FIG 10C, it

is clear that various aberrations are corrected wth

good bal ances at the short focal length end, the

internedi ate 20 focal length, and the |ong focal

l ength end in each of enbodi ments. Accordingly, a :

dametrel adnd conaivll enshe Ssackabf zetkas tab20oks | Ensesbonse to

an i magi ng appar.atus having a zoom fac¢tor of around. 3
P et {1 ke

3 GOEMARY nHER U Tt 9patt FEARal Y FBI iR

di gi tdthe Shibht uGARBIR: s RAVIERGuAed AL OR! FRYDEAf, a shutter
pi xel s. 25 Next, an exanple of the inmaging apparatus

reRpR ey bt tdve fogba\a Ui oRera zioum kafAsai e sdonpeyitch
F Is l.ock di Walo) C [squr.at i

B kbt 35t o QAR AL TR LA oo
inbetzoomdlens atctheapresdnh thyesddranionhbyda gideal to the

stil] capera in FIG 11 inc]udes canera _bl ock 10

SRl bho ISl et A FnGErbie. Ariget? TGRS DSt Phgthe
14Rkt (ndx 2Bohal £ PnRGoQUIng iONahs PFOGETS LAY Sekih 188s 11
an anal og-digital conversion and the like for the
igapeaperss aydhsi gaarrohnsignmje fremoEBsstRY &hit 30

for yi t__processing. r / uck ng,.:
an LB L oRe B PEr B bl PP E GRREREVE (P ety
deapribved asrdypd lowgnal , that is, a taken image or 10

the |ike, an W (Reader/Witer) 50 for readi ng out .
e b GRSt Cy g Lol dng dn 1Eheb P A s 1gna
18805 MOl chfletA V0! @ 0digi $@dplisdd kb €REEIED 4@Nby way

i nput unit 70 for _input operation bg a user, and a

O eRB® dPaRF 2 GABPEI BRPESBULTDMNEENEP ol PRIRF &1 iopBtEPL Of
Wahtl! fL B o Ci fE! @rurther,

CHERSEP G0 LY RS IRTBS BNl kol il BT Arurther

whaol| tdi ngmaazddmplhensidrial dowd ehonieg presenton is entered

Seb A PREY FRE Rt WGPl & GO CBr BeER g daRpel €0

tB0 Taid desveUora raitgnak t mCcesai 1@ redehcasifedilgidsakithin
si gnal conversion of the output signal fromthe ,
tpﬁaqﬁoﬁrg 1gagiLle 1s moved based on the Control by the lens drive
contrel unit 80.

In addition, when a not shown shutter of the cameras biock

- 10 is depressed in response to the command input signal from the

input unit 706, the picked-up image signal is supplied from the

" camera signal processing unit 20 to the image processing unit

30 so as to be subjected to a compressed coding prbcessing, and
is converted into digital data of a predetermined data format.
Thus the converted data is outputted to the R/W 50, and is written
into the memoj:y card 51.

The focusing cperation is carried out, for example, when
the shutter release button is half-depressed or full-depressed

for writing operation, by moving a predetermined lens within the
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20 12, a noise elimnation, an imge quality

correction, a conversion to a |um nance signal and a
color difference signal, and the like. The inage
processing unit 30 carries out the conpression coding
and expansi on decodi ng processing of the inmage signal,
and conversion processing for the data specification
such as 25 resolution and the like on the basis of the
predeterm ned image data format. The nenory card 51
dcemaldat arhap) emeleasndiict®rcomireily uniTheo RilNre@ponse to
wites the ipage data encoded q¥ t he i nage processing

i Fogér?%t%l‘ﬂf’el reBr YReare 599+ and reads out the
storeghyiomge 3@ daka bFomdhe@eRr ¥nealfa gl dakhe reRbrded
60 is a control processing unit to control each of

igi tbai pemduC ker il tBhirnat eedi tginmdinest Lnkg@ 3datmeita reafdout
f%%ﬁt{.’f?é I?ﬁe}ngg %%%'& f I{h u%( W%Dofxlfsf:es Fggg:%néﬁ tog:ergtlon

comand 1 npu rom e I nput or_?h

ini ke Ihputn@mitumt afd |a§te@nfaegngepler\fdsﬂaueof@m expansion
exagg a shutter Eel ease button for a,shutter

I5F8FAPE i OHTRP % e LB t F O S Th 1M89P 0P L ¥ &t ﬁg‘tPUttEd
t@Pehatican 400des &) dt hd & ddheRucand wadlsighad LOMBAUayed.

I nput signal in accordance with the operation by a

user ¥t AE 1TRABLBTLioNeE Veas sdoinBIcheFBPMBHFd sggucture
oC ﬁ££'@+ S 2 tﬁgt?{ Jgtl:alt Q%IJ.%.IL claaqne(ﬁm II?OEVYB f_LQ, an inside of

troll'ing a Fis Wi £h zoom ens 11

thespiarisea 1t otihe cenats dls shagumalinfa oasd IweeEPLa\rﬁabj d€x ghésts

p tion, of, th ital still canera is. prjefl

GoLEP R SFp oHER e o PSP GBRAL L oif PgFommodated
ihakbag rathd BBEEra %B@y'g@ﬁ%étgéahaghﬁgwlb)é 1hes provided
canera block 10 is supplied to the LCD 40 way of
loKHer csa}ﬁ@rﬁl%ﬂeg#al BF?étc}é%Tsn Blge &Pt 0295 R}ﬁé{éﬂeﬂﬁ@ the camera

6 I

O g P i B S AR EE R gesvet o
imapatasgymal for a zoomi ng operation is entered from

(1 LR er0: o 200 QUL €O T 51908l

t@rmadgbgé flonesl e Bt \WobRi Ag ahﬂefdcﬁﬂsnﬂﬂgeﬂSeﬁa]tll@sr@y Bending
based on the control by the lens drive -
an optical axis of a 1ight Trom an object with a prism, and further
by moving a predetermined lens along with the direction {up-down
direction in the figure) of the bent optical axis. Accordingly,
it is possible to carry out the imaging without projecting the
zoom lens 11 from the camera body 90, and to shorten the horizontal
dépth of the camera body during taking the image. In addition
to this, the zoom lens 11 is designed to satisfy with the above
mentioned conditions, so that a further slim design and a

miniaturization in the up-down direction of the camera body 90

become possible. Eventhoughthe cameraiscompact, it ispossible

to perform zooming operation around 3 to 5 times, and further

it is possible to obtain a high quality taking image héving less

~aberration at every focal lengths.
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20 control wunit 80. In addition, when a not shown
shutter of the canera block 10 is depressed in
response to the command. input signal fromthe input

~unit 70, the picked-up inmage signal is supplied from

the canera signal processing unit 20 to the inmage
processing unit 25 30 so as to be subjected to a
conpressed coding processing, and is converted into
digital data of a predeterm ned data format. Thus the

- converheth&at dni sheudguiid edbbaiheet RiW 36, dancrilsd a case

witten into the nenory card 51. The focu Ln%§6>  qital
&P Isl eF Pifé&eéiﬁe,se%rmé’)‘?%%,l Leddep g fggita
sthul temeral, erse DIl £8s i1 had bpfepressedrAhaging apparatus
ful'l -depressed for witing operation, by noving a
spcédesenni héel |aamsendi ehfinthdel D zoom I ens 11 by the

| ens RY 0 it in_r 0 o._. -

St gnaf FeaeReC B, citnAeRE FoRe B S gt e € 2RbERE son
imepuddaciing: tLhesigmgesdasainecerdedtiom pove reemDippsitive,

card 51, a predeternm ned image data | s read out . 5 .
PeAB T Re %ﬁ&ey%a?asstfw ehg PPYT 507 FTPBsPorfd 6§ side

ihenopesaldan 1 itshgobopiite 4RI pekBormthedt bSiiMPioRGration

performed an expansion decoding processing, the _
by G Ble iseggadsnghfPurh dgnpancagps aprichehercD fprther,

| t}%uﬁirépelern%p%%g]&gq.@lcllﬁﬁgg 5"&%ﬁk—k%ag'r%oﬁ%g&?gu%ﬂa@mg an

'S a secti Vi ew show ng an asse ed”structure
nkgaof vpare Sraat irve pobiwgirt, abnstptLcghneremerin felkkGfolding an

an.inside of the diqital still canera is shown in a ...
,oggggaeiﬁg;:g, gﬁdggiagg(tsggﬁﬁgpg grgppﬁ'xgpftlngiad:é: S1{1VR é:e'%ractlng

pkaw hn THecBPaim Leas ik His aetaMpedt B mokvBsld@iekction
the camera body 90, and the imaging device 12 is .
opr e geaond GRer Laitfd 1Ry §6PUPEHYHE, thhéopmEng@prpgation

pREBYEded, %g;ttiﬁsl%g&r ailgc@wa{ St AL U ARAGR! Ngnd & ANB in
object, and Ts used to adjust an inmge angle. The
theofii tend ok ¢hmimpr esent isnpestiloie its morGomf agulieddesign

£ b% abhe to carr o;{t g%gmcngna d focgsi%%n%p%%a.t ii%nsin
6y BERALARS %S OPti calt &LPetoF™a PY ghtcF% n “0bj eCfIr"9
mWgh R racREL SMNBsABE £/ th8h lens group larger than 1.3 where
an object distance is at infinity, it is possible to shorten the
focal length of the lens grcups positioned relatively closer to
the object side, and is possible not only to shorten the total
length of the lens system but also to make smaller an effective
diameter of the front-side lens group and backside lens group
of the first lens group. However, if the imaging magnification

B5 of the fifth lens group is made larger than 2.2, it is difficult

to carry out an adequate correction of the spherical aberration

when reducing the F-number, and the imaging performance to the

image plane deteriorates. Accordingly, by satisfying the above

mentioned conditions of the fifth lens group to the imaging

magnificationf35, it ispossible tominiaturize the optical element

-in the first lens group and to thin the total lens system, while
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20 by noving a predetermned lens along with the
direction (up-down direction in the figure) of the
bent optical axis. Accordingly, it is possible to
carry out the imaging wthout projecting the zoom-
lens 11 fromthe canera body 90, and to .shorten the
hori zontal depth of the canera body during taking the
imge. In addition 25 to this, the zoomlens 11 is
designed to satisfy with the above nentioned

meARdai hOng, bsStrdrhabptackUr phefotdraedesi gn and a
mniaturization in the up-down direction of the canera
body 90 becone possi ble. Even though the canera is
conmpact, it is possible to perform zooni ng operation
around 3 to 5 tines, and further 30. it is possible
to obtain a high quality taking i mage having | ess '
aberration at every focal lengths. 25 Further, in the
above enbodinment, it is described a case where the
zoom |l ens of the present -invention is applied to a
digital still camera, but it is possible to apply to
ot her imagi ng apparatus such as a video canera and
the like. 5 As described above, the zoomlens of the
present invention includes five |ens groups having
refraction powers of positive,  negative, positive,
positive, and negative froman object side in this
order. It is possible to performthe zooni ng operation
by moving the second and fourth | ens groups anong
them Further, 10 the first lens group includes a
front-side lens group having an negative refracting
power, an optical elenent for folding an optical
path, and a backsi de | ens group having a positive
-refracting power.fromthe object side in this order,
and the novable direction of the second and fourth

- lens groups during the zoom ng operation 15 becones an
optical axis direction of the backside |ens group in
the first lens group, so it is possible to performa
slimdesign for the lens system In addition, by
i ncreasing the imaging nmagnification (35 of the fifth
| ens group | arger than 1.3 where
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an object distance is at infinity, it is possible to
shorten the 20 focal length of the | ens groups
positioned relatively closer to the object side, and
is possible not only to shorten the total |ength of
the |l ens system but also to nake snmaller an effective
di aneter of the front-side | ens group and backsi de

l ens group of the first lens group. However, if the

i magi ng magni fication 25 X35 of the fifth | ens group
Is made larger than 2.2, i¢ramsglifficult to carry out
an adequate correction of the spherical aberration
when reduci ng the F-nunber, and the inaging

per f oR MBAGE <t Rempk MBYLy Pl ane deteri orates.
Accordingly, by satisfying the above nentioned

condi &i Brsstoflenhegtdnr haveng greesltiyet Kefraegiog PRYer; a

SO 530 8 RS S8 I e
liehe datal hdeirsy s yeken valtelfea?6ingipptvar pianfpulrett pens group

.opt.i cal performance. CLAIMS 1. A zoom.(I epns conprising: .
PRVEPEA PPRRST YT 58P RAGVTIG PRYEBSIFIVR fvléFgaﬂceﬂsn ?)‘Eﬁ/\gg?’mg
#ne§a BLEONEA rhaRS i B YHWIAVERSM Y BBYALE 8 deeff attiNGrder,
power; a third |lens group having a positive
WhereaBtd Feopdnaroreratdent hs|earrigdoapt WyalPrwgng the second

i L r t ; fifth l'ens group
l%%%iﬁégg% %&%2%?32%Pg?$§£??%3£%%ﬁ3r, from an obj ect
si de winetdirs threddl rstwheteiqraiw econerdgseper ati on i s
-carrieg out b% ving the second 10 |ens grou and .
the fOGFERCTEIS LrouRT OWRBRET RO CREPREST S FERE=GF Dl PO’
aG0BPE L SLB e 1@meh@NEo 5 A8 Ji0RS 28I SviPi AV iREh AN GaAbh¥Rs1de
refracting power; an optical element for folding an |
16pei gaPup ingng ROVddRS gefraehsngrowsrnaffony tale object
Sgg@ighvghfgfg Jd.ng.power, fromthe object 15 side in
‘this order; and i's characterized in that a condition
of 1i8 chdPmcte2iledsigathast icedionpridvpdedft hat an
i magi ng_ magni fication of

173 <B5 < 2.2
is satisfied, provided that an imaging magnification of

the fifth lens group at a pesition where an object distance is

at infinity is 5.

2. The zoom lens as cited in claim 1, characterized in that:
the zooming operation from a wide-end side to a tele-end side
is carried out by moving the second lens group from the object
side to the image plane side and by’moving the fourth lens group

from the image plane side to the object side.

3. The zoom lens as cited in claim 2, characterized in that:
. a condition of

0.85 <. | dz2 / az4l < 2.2

_is satisfied, provided that a stroke of the second lens
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the fifth lens group at a position where an object
distance is 20 at infinity is i5. 2. The zoomlens as
cited in claim1, characterized in that: the zoom ng
operation froma wide-end side to a tele-end side is
carried out by noving the second |lens group fromthe
object 25 side to the i mage plane side and by noving
the fourth lens group fromthe i mage plane side to
the object side. .3. The zoomlens as cited in claim

- gZoupharacterihoed foacdhdiength enddid izononf £&I10.18%gehl end

dz dZ4 | < 2.2 is satisfied, provided that a stroke
l&fg%éyeagé@oﬁar%%gfz%“eg%ﬁﬁtl? ﬂ&r‘?wsag% ?r%&: £ E"Cal
18RdthOedd [1N@nkoLahy | @NRGN 18Rt h i shdl 42, 2Pk A idd @kere an
of the fourth lens group fromthe short focal |ength
oggctodi peanesng sf ecakinfength ehdiddt- a position where

an object distance is at infinity is dz4. 5 4. The
zoomlens as cited in claim1, characterized in that:

dat | enis¢ zone Dénsuwrsf atesdafn lc@asmi Nelehdedctart hed fir shat:

| ens roup. i s confi ed to_he an aspheric surface. _
103 2T NE D56 Bhe e AerEetr LRme GRSt B B ehens
gheBuphds | cot higndrieldt Bol BESafr D4hLAMBLEESCE. cenent ed

| ens having a cenented surface in which a surface
opposed to the object side is configured to be a

5C°”Vei<he9%foﬁ9fexas'l%sﬁc' {be i%P%ﬁ‘Fhﬁ”ﬁ %ﬁa%%@&'xi%&'ﬁi m?at:
1, characterized in fhat® —at Teast’ one of surfaces o
| ens theelflicded ilentherdéug tdonperisesgaouprestgbifenguheding a

to b n aspheric surface. 7. The zoom.| ens ,as ci.te
T N R L ) 2 TR
ikeBsn g Qe AW HeSaScanSeRUs & MR .Scus | ens fornmed to

be a convex shape towards the object side and having

an negative refracting power; the optical el enent

69onpnh§§%o%mpiéﬁ%nasa9gted in claim 1, characterized in that:
at least one of surfaces of lens included in the fifth lens

group is configured to be an aspheric surface.

7. ~ The zoom lens as citéd in claim 1, characterized in that:

the front-side lens group comprises a single meniscus lens
formed to be a convex shape towards the object side and having
an negative refracting power;

the optical element comprises a prism; and

the backside lens group comprises a single lens in which

both surfaces are formed to be convex shapes.

8. The zoom lens as cited in claim 7, characterized in that:
cbnditions of
nel.l > 1.8, and
wveLl < 30

are further satisfied, provided that a refraction index
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t he backside | ens group conprises a single lens in
which . 25 both surfaces are forned to be convex
shapes. 8. The zoomlens as cited in claim7,
‘characterized in that: conditions of neLl > 1.8, and

.. 30 veLl < 30 are further satisfied, provided that a

refraction index 29 of the front-side |l ens group to an
e-line is neLl, and an Abbe's nunber of the
front-side |l ens group based on the e-line is velLl. 9.

- oAnthedgiong -appariatnssgeomd 4y Ag < 1Zoenis end.lasaad an Abbe’s

image-taking 5 lens, the zoom | ens conprisin

- MRPSE PendeotiRIp WadenySBs FESHPI RS R PPAtS ﬁggéaﬁ%eirs‘, vgLl.

second | ens group having an negative refracting power;
athird lens group having a positive refracting )
SpowerAn AMAHLRG ACP B U SEUPLOHAE PPN poss &F o image-taking

EBL! AEEL NG PWRLs Al L1fgh |ens group having 10 a

negative refracting power, froman object side in this
ordera fimwer éens agzogmhagyiopes giddritiive cafraedirgupolgr: a

ing, th d | d the fourth | ,
GPBIR. Lo orD, e 114 S PERES ST LEBRRE P EcReTeE 7 @ third

1bharovipdesiensa goeuRi ha vehigadhinggaik v e al @it 14 group
power; 15 an optical elenent for folding an optical
haxiRg aangs bt beacksfarct Brs Pgrenp padva hdLal Jesist gy having
r(LEACHI NG ROUEE s nd TOMRLNe: PR €61 oS i1 gt $ Qfidebrder,
aand&?g éﬂasacter%?%égﬁ% that a co%d?%ﬁ%ﬁ of 1.332 OE =
whe2e2n 20 ziogméay | gfdred i opr by icded iedatutapyi maging the second

magni ficatio f the fifth lens group at a position
1R S bR eaT e ERRe Pe SO ity i o b8 30

"wherein the first lens group comprises;
a front-side lens group having annegative refracting power;
an optical element for folding an optical path; and
a backside lens group having a positive refracting power
from the cobject side in this crder; and
- 1s characterized in that & condition of
1.3 < B5 < 2.2
is satisfied, provided that an imaging magnification of
the fifth lens group at a position where an object distance is

at infinity is PB5.
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