A ZOOM LENS AND AN | MAG NG APPARATUS BACKGROUND OF THE | NVENTI ON [ 0001]
10 . Field of the Invention The present invention relates to a zoomlens
-and an i magi ng apparatus, and particularly to a zoomlens having a F
nunber of around 2.8 in brightness, a zoomratio of around 3 tines, and a
shorter overall length when.retracted and being suitable for a digital
still canera, a video canera and -the like, and inmaging apparatus using such
15 zoomlens. [0002] 2. Description of the Related Art In recent years, a

vi deo canera and a _'QWLSENQWWM%%}M}A@M{% ate imge sensing

devi ce have, been widely spread rapidly, and high resolution and further

20 mniaturization of those apparatus have been particul arly demanded. A
zoom'I ens whi ch has zoom | ens construction of negative, positive, and
positive types froman object side, and a first |lens group having a snal
nunber of |enses such as two pieces of concave and convex lenses is

di sclosed in the patent docunent | and the patent docunent 2 as a
conventional technology. 25 [0003] Patent docunent | : Japanese Patent

- Lai d-Open No. 2001-296475 Patent docunent 2 : Japanese Patent Lai d- Qpen
No. 2002-372667 [0004] However, it is very difficult to obtain a zoom|ens
for 5000000 pixel=class by 30 applying such conventional technol ogy,
because miniaturization of lens is difficult, and further, it is difficult

to satisfy a demand for HAORCORESUNT OB HE QQWENTION With 1
m ni aturization of a pjgture size in an inaging device. Further by chasing
10 1. Field of the Invention
The present invention relates to a zoom lens and an imaging apparatus, and
particulei:rly to a zoom lens having a F pumber of around 2.8 in brightness, a zoom ratio
of around 3 times, and a shorter overall length when retracted and being suitable for-a
digital still camera, a video camera and the h‘ke; and imaging apparatus using such
15  zoom lens..
[0002]
2. Description of the Related Art
In recent years, a video camera and a digital still camera using a solid state
image sensing device have been widely spread rapidly, and high resolution and further
20 miniaturization of those apparatus have been particularly demanded. A zoom lens
which has zoom lens construction of negative, positive, and positive types from an
oEjeot side, and a first lens group having a small number of lenses such as two pieces of
concave and convex lenses is disclosed in the patent document 1 and the patent
document 2 as a conventional technology.
25  [0003]
| Patent document 1 : Japanese Patent Laid-Open No. 2001-296475
Patent document 2 : Japanese Patent Laid-Open No. 2002-372667
[0004] | |
However, it is very difficult to obtain a zoom lens for 5000000 pixel-class by
80  applying such conventional technology, because miniaturization of lens is difficult, and
further, it is difficult to satisfy a demand for high resolution accompanying with



m niaturization and high resolution of lens, an influence to a focusing
performance by decentering between | enses of the second | ens group becones
|l arge, and it becones difficult to acconplish an inprovenent in
reliability. [0005] SUMVARY OF THE | NVENTI ON According to a first aspect of
the invention, there is provided a zoom | ens conprising sequentially from
.an_object side: a first lens group having an negative refracting power, and
bei ng : Kk . th..al.on i . i.C i a zooni ng
oot sTHAREAtaE o Bl i NeP A7 Untlrh kAR ARicct Bledh o JOSBel RO Poner
and bei ménintvizbfien hod hiph rodjleddn of ldes,andafudeto athecaypig palfornaics bywhen t he
zoom ng,rate js changed froma wde-end to a tele-end; and a third_|len
~gr oup  niRFEBICENE PetReAEnIes of fhesssapd fims rgri%b%fm%jﬁrgaxw it gﬁﬁpm%%ﬂlﬁfgmit
posi ti v, I REmpALH BY iRPREmeM &I Clifbilisai d  second lens group includes
sequentially ?ron1the objggt sﬁgé;lé iris; one piece of convergent |ens
wher e af00DEhst a surface facing to the object side is an aspherical
surface; and an adhered thr ' erein;, said first lens
group includes; a negative:§2¥$é§ﬁ§%w%ﬂéﬁhiﬁﬁﬁgrgﬁ€onpIex aspheri cal
surface at anatdiRfRg @ AMEt Bp&eof B hventfoRMheFde plovideis zodn? RS tomsiesatedi Ng to
a second aspect of the invention, there is provided an imagi ng apparatus
mount edsegientialy frewmnlobivst sideap drs somgioap baviag gy neghtivg refeagtiempover] gpdfbeivgn an
obj ect side; i havi.n n. .n t1ve, r.ef,ractin r, and
R S e R A e S AR e e
rate i sgrotypgfy a poskiee afdcligIRHwer, abid bdlay ndgable ke dbjscesideiloae ith the dpavar
and being npvable to the pb{ect side along wth the optical axis when_the
zooni ng?¥iuvken e zeqming et is chansed (iPre-erercRdtop telsteadiend » thifldens sren movables
01 ouP. BB LIAGHor Wl B e Dol b RGOV L RinEBbSer, SRYLHEM MO @
positive refracting power, erein; sald°second lens oup’ I ncludes
sequent seadridyledis groupt ineludds) seqtentalYefronmtheiobjest siday an piseae pidce oborvwegenttledsens
where at, |l east a surface, facing to.the object side is an heri cal.
sur f aceVdh ¥ T adHbee Clogiple ﬁglsetégiea% an gspiical e an g Preegterens
group i HAbiAe Sihereir §81a kY BnlBRLS SifidbE A RAVE RInRAR R h§¥nds BhRSIEE A
surface at an 1nmge plane srde; and a conhvergent |ens.

aspherical surface at an image plane side; and a convergent lens.

[0006]

According to a second aspect of the invention, there is provided an imaging apparatus
mounted with a zoom lens, said zoom lens comprising sequentially from an object side: a first fens
group having an negative refracting power, and being movable back and forth along with an
‘optical axis when a zooming rate is changed; a second lens group having a positive refracting
power, and being movable to the object side along with the optical axis when the zooming rate is
changed from a wide-end to a tele-end; And a third lens group movable back and forth along with
the optical axis, and having a positive refracting power, wherein; said second lens group includes
sequentially from the object side; an iris; one piece of convergent lens where at least a surface
facing to the object side is an aspherical surface; and an adhered three pieces of lenses, wherein;
said first lens group includes; a negative meniscus lens having a complex aspherical surface at an

image plane side; and a convergent lens.

[0006a]



[ 0006a] 2 According to the present invention, in a zoomlens having first
to third lens groups of negative, positive, and positive types
sequentially froman object side, the second lens group is. able to be
configured to have sequentially fromthe object side, an iris,, a piece of
convergent lens where at |east a surface facing to the object side is an
.aspherical surface, —and an _adhered three pieces of l|lenses, so that it is

able to eff ecrwfhmgqam pratint ﬂw%ﬁﬁ(fr?%b aoﬁflensqﬁ% d{ﬁfspea i 18 gPéf)LgJ%e. of

convergent |ens having a aspherical ‘sur ace ion, 1t 1s Ssible
to inpr of/ee%tipoaldsnml, mgl mmwaltypemethmalhzrﬁemmneﬂa@@:t ofde| tesesondiems

- Suppr cotbRa e TRHEBonfENEed R RemiongolE s rRbfres g pce oF

m ni at Uéélﬁ@fégReﬁf‘len@%eﬁeoat 1RO burfie 1R D%ﬁ) 188 ey SHEM atisfhRerical QRBickY
assenbl ed | EF DESCRI PTI ON OF THE W NGS 'L IG1is a chart explaining a

zoom | etndl aoadheredi thigeirsepeElonses, sentbatdi issbic tosffer@yedy rarpouhaotresimwing a

configu gerni N t he fir.st le; . FIG.3 is a

char t SofSiuisBy B o AER s R S a5 58 RoishiSA o B R o 5, <o

exanpl epodsible todnipsoae aclb@morﬂig @REFACHOE AR thite pieckNb BlenBdivaied doagaked gt h of
a zoomlens 10 concernlng the first example; FIG5 is a chart of

aber r at PO eationalogp soBRESHE afonblthand asingle kss rioryprees the sreaseqbipl e; FIG
0 1S 8RBhtriRh QUG ARG £ aliiafinpladh, e | ens concerning the first

exanpl e; 15 FI rt show ng a cohfiguration of a zoom|ens
concer nf08g7 he second
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exanple; FIG 8 is a chart of aberration at a wi de-end of a zoom | ens
concerning the second exanple; FIG9 is a chart of aberration in an
internediate focal length of a zoomlens 20 concerning the second exanpl e;
FIG 10 is a chart of aberration at a tele-end of a zoom|ens concerning the
second exanpl e; FIG 11 is a chart showing a specification of a zoom | ens
concerning the second exanple; and 25 FIG 12 is a chart show ng nuneri cal
exanpl es corresponding to the conditional equations 1 to 4 in each of -
exanpl es.. [ 00Q7] DETAI DESCRI PTI %HS: THE PREFERRED EMBODI MENT Detai |l ed
descri pti8 3 Sl‘?@%‘?@%‘éﬁ%ﬁ? of the present inventionis 30
expl ai ned based on attached drawings as follows. FIG1 is a chart:

“expl-ai ning one enbodiment of a zoomlens of the present invention. This
zoomlens is princi paI IBRIEF DEﬁ@RIIH’Hd)N ORTHEMRAWINGSpar at us such as

digital still 8:3 1;_ At first, the zoomlens of this enbodlrrent i's
~described. [00 ﬁrire Wé‘%ﬁrﬁxp N ZpHndensonarRmgthe Biesent sebodircnént i al | y
from an obj ect d , f r acting
bover fand movadtd isk Ui iRy FInetRde A ATAN JR0RhY B £6 00T 00
rate i s chamgkg, a second lens Group & having a positive refracting power
novabl e towards _the, object side along with an optical axis when the

zoomi ng rate i $ienhigeehartefab érfﬁﬁl%ate%ﬂ’lcfeoe@ feq geoanlens gerremipgthedlirst ens

G oup G3 5(%3 ple back and forth along with an optical axis, and having a
positive réfracting power.

FIG. 4 is a chart of aberration in an intermediate focal length of a zoom lens
10 concei‘ning the first example;
FIG. 5 is a chart of aberration at a tele-end of a zoom lens concerning the first
.example; .
FIG. 6 is a chart showing a specification of a zoom lens concerning the first
example
15 " FIG. 7 is a chart showing a conﬁguratlon of a zoom lens concerning the second
example; '
FIG. 8 lis a chart of aberration at a wide-end of a zoom lens concérﬁing the
second example;
FIG. 9 is é chart of aberration ;n an intermediate focal length of a zoom lens
20 ‘concerning the second example;
FIG 10 is a chart of aberration at a tele-end of a zoom lens concerning the
second example;
| FIG. 11 is a chart showing a speciﬁcatid_n of a zoom lens concerning the second
example; and
25 FIG. 12 is a chart showing numerical examples corresponding to the
conditional equations 1 to 4 in each of examples.
{00073
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Detailed description of the preferred embodiment of the present invention is

30  explained based on attached drawings as follows. FIG. 1 is a chart explaining one

embodiment of a zoom lens of the present invention. This zoom lens is principally



[0009] In such zoomlens of this enbodi ment, the second lens group & is
configured to include sequentially fromthe object side, aniris S, a

pi ece of convergent lens L4 where at |east a surface facing to the object
side is an aspherical surface, and an adhered 15 three pieces of |enses
L5, L6, and L7.. [0010] In addition, the first lens group G is configured
to. include an negative neniscus |enses L1 and L2 having a conplex o

aspherical surface at an i mage plane side, and a convergent |ens L3. Even
nore, the third |l ens grou i nc] udes.a. pi.ece of a 20_convergent |lens L8
havi ng afPPEEdP agﬁglagﬁqg@a%@r%ss&g A& Aiggtal E@&W%% A5 finst, thypqametenspf s
possi bl eyl;iQ RBXE R & fieshkapl e zoomlens if the convergent lens L8 of the
“third 'I‘en'51 group G3 satis f?igs the fol lowng conditional equation. [0011]"

n>1.5 anfPUB v <70...1 25 n : Dline refractive index of glass material of
an ori gi nal Ie[}gl used for jhe th'%gcij_ | ens group. v : Abbe's nunber of glass
F Ril

material of an 'GFiZgPHdrns ehduy,gs ut epapriges gequentiallyfrompan plgataide, 30

changa fraphiees SRl 62 2avin BORLAARDE rieec AR SRLAE ad HSRT AR AT 1

FIG 1, 4ahoagevith antdpticabaxindvienns zgoralipg 162 Rashanged sp@sbhd Yéhs! Gidupati ng
power mainly shares nmany of zoomng rate. In this case, a shift of a focal
poi nt i shEVHRBehPRsEYe FFITATIENgOWen alaveblst fovards thet objerls sige clpnaswithagk. and.

o oL BB O s B A Bl RS0 1
optical fetissGroep &3 mevilde dack amOforl ARe WiRen optical axis, and having a positive
10  refracting power:
[0009]
In such zoom lens of this embodiment, the second lens group G2 is configured
to include sequentially from the object side, an iris S, a piece of convergerit lens L4
- where at least a surface facing to the object side is an aspherical surface, and an adhered
15  three pieces of lenses L5, L6, and L7.
[0010]
In addition, the first lens group Gl is configured to include an negative
meniscus lenses L1 and L2 having a complex aspherical surface at an image plane side,
and a convergent lens L3. Even more, the third lens group G3 includes a piece of a
20  convergent lens L8 having at least one or more of aspherical surfaces. Still further, it
is possible to have more desirable zoom lens if the convergent lens L8 of the third lens

group G3 satisfies the foliowing conditional equation.

[0011]
n>15and45< v <70..1
25 n : D-line refractive index of glass material of an original lens used for the third
lens grbup.
v : Abbe's number of glass material of an original lens used for the third lens
- group.
[0012]
30 Now, detail of the present embodiment is described. When a zooming rate is-

.- changed in this zoom lens, each of lens groups moves as shown by arrows in FIG 1, .



[0013] The first lens group GL of the zoomlens according to the present
enbodi rent has a large quantity of refraction of an off-axis principal

ray, particularly at the wide-end W so that larger astigmatism and

di stortion aberration tend to occur. Then, according 10 to the present
enbodi ment, it is designed to have a concave-convex configuration preceded
by a concave lens for acconplishing a mniaturization of a |lens system .and
an aspherical surface of resin at the inmage plane side of an negative

| ens, that is, sp-call hybri d pherical surface.is provided. [0014] 15
It is ab|a‘?e°"¥ea"’ b f’«ﬁ? é%?&g%%%éf%‘i? (t}ﬁi’alf;‘lngsasp?%@‘éer redracting pawsemagleghargnd t o

conpensat ; j+gmatd 88 | i ral | . ovi di.ng such
A e L R PRE, £k L A RIS Rt B N “ac s
result, tthe regatste fiemdenggooyp G2 backadidefdrth blengorfth gur eslichD afRVEod $i Mpl e

constructian of .two pieces of lenses, and it is possible to acconplish a
m ni at ur i Y4E8A ‘&ftotahtéﬁﬂ"’éﬁ}s%si‘?@t QWW e praitive chird Bos eraaped3 baekeand
par ti gul aky atdMIeRkads %HQ%]? | i abrjpcated by a method
utilizing an ul ra\t}?gllget %ﬁﬁiﬁ’%ﬁ@%%ﬁ%@ép&%@?@ terial used for the

first |1dA8lfYroup G is required to have high transmission rate for an

ul traviol et raﬁ%{eFffr -~ exanple, as for the transmttance characteristic, it
is desirable t Helea geruengt Bf Gre 200m 2Bs avcording 6o e prasent embodiownhg a

oo L mSasu ki Ol DSl SLEIAIAAI, b i PEDSEET,
convex | éffsjo thathtged asthgrhinbsnirasd dRira6d abdrialen ¥nd HEE8EONGheh ERSAEYP &2,
't %Ode% rtﬁg lp??eé[egt %gl%\éldidn?en%,n itaisspggsgéﬁ(ég | tosll:;Jeag Ei:oigav!e?cec‘)iiex 500nﬁ ti
guration
preceded by a concave lens for accomplishing a miniaturization of a lens system, and an
aspherical surface of resin at the image plane side of an negative lens, that is, so-called
hybrid aspherical surface is provided. |
[0014] '

15 : It is able to increase types of the glass material to be selected, and to
‘compensate well an astigmatism and distortion aberration by providing such hybrid
aspherical surface at this portion while keeping a cost merit. As a result, the first leris
group G2 is able to be configured to have a simple construction of two pieces of lenses,
and it is possible to accomplish a miniaturization of the lens system as a whole.

20 [00135] |

' Even more particularly, when a complex aspherical lens is fabricated by a
method utilizing an ultraviolet hardening technology, glass material used for the first
lens group G1 is required to have high transmission rate for an ultraviolet ray. For

example, as for the transmittance characteristic, it is desirable that the wavelength of the

25  ultraviolet ray functioning a transmittance of 5%, that is, the wavelength (A 5 %) is less

than 350nm.
[0016]
A5%<350nm .2
[0017]
30 In addition, in a convergent lens 14 (a convex‘ lens) located in the most object

side of the second lens group G2, it is desirable to provide an aspherical surface at least



in the object side. In case of zoom | ens preceded by an negative group, a
lLuminous flux fromthe first lens group G becones diverging | um nous
flux, so that the thickest |umnous flux effectively goes through the
convergent lens L4 located in the vicinity of the iris S positioned in the
nost object side of the second | ens group Q. Therefore, it 5 becones
_possible to effectively carry out the correction of spherical. aberration by
using an aspherical surface here. In addition, it is desirable that this

Che convan REPRieRgiE; Muetd W el bhe B e b el el givus p dpmirgts > !
di ver gi nglfxifrbRahe ﬁ@ﬂ%ﬁ%ﬁ%ﬂ BBk aideg%hg%%ﬁm%s Hhs, sodfg}ﬁﬁﬁﬁg%cﬁéstt he

“second I'e'ns_grog_EHGZ. 10 I n additi t he reason why t position of
the iris Isminpusdbeitedfbctively geenrihstughabf ectvesgahs lafs ihbested dmthel Weinitgobup G2

is that the.iris S.is preferably .posifioned far fromthe_i e plane I MG
because tHBMEPEEHEY |tée B}?Sta%bJEﬁéﬁierfgfn‘g%\??%dil@s Pren %@agﬁ?‘e 6 It

shal | @w, 1R&nb iHie | Ko ' e lLzat | use 15
~a space of the@g%sidebt(lﬁ tqss?ﬂééé}ﬁ?iﬂ n%%lt—rkg)u??fe?%e:c@gg ﬁgﬁeﬁéh\?\? ﬁjgggﬁélﬁ%?é\ig of

| ens gr owpsasplosivpbnetice betehe I additivhat B8 dekieabile ttmt His sonvesmhednbEd heen

| enses of the second |ens groyp Q& FurtE{gr, there is an effect to .
suppress PHESH fEtass selatiye onhe dbis 8y nBrecaysg Abthecogyerpentdens b hipea £oncgve | ens

group GL dveke i1H9iI15Sid iisfi i OCi : PYP , de-.end ,
cl ose to the Obj ect S|d§lg.ﬂ\% 8%5%% rarfgrr%&t rallfelgrs]%l(:soirfl1 t%Se?iSG %’{r‘l‘ge&\éé ég,tﬁ%]hr ee
pi eces ofdidmeetees! thaddvenddertstyrep G2eces of lenses L5, L6, and L7) are

di sposedr{bﬁ he rearward of the preceding convergent lens L4 (a convex

Iens)l.0 I case of a zoom |l ens preceded by negative | ens group, an

Che Tirat | ane Sacpiish, B ARkl Ry ARE ol iRl (oo P S MG BBl " 1o

passes. a dbjavesideasfithe aacdnd lehe grotipcGDiit Yhanfthé hes Srispr&erably gbsitibadd fat he
of f - axi sﬁpurri nous flux again passes a higher position through the second
| ens grodfPrethe omage plans JM@nkecgpssy thecincident  #ngle \oar pumaging device is

preferably made shallow, and that it is possible to accomplish a miniaturization because
15  a space of the object side from the ixis S is shared with an interval of lens groups
compared to the case where the iris S is located between lenses of the second lens groﬁp
G2. Further, there is an effect to suppress the increase of the external diameter of lens
in the first lens group G1 by bringing the position of an incident pupil at the wide-end
close to the object side. |
20  [0019] |
Among the second lens group G2, three pieces of lenses (adhered three pieces
of lenses L5, 1.6, and L7) are disposed to the rearward of the preceding convergent lens
L4 (a convex lené).' In the case of a zoom lens preceded by negative lens group, an
off-axis luminous flux passes a higher position above the optical axis in the first lens
25- group G1, enters into the second lens group G2, and then passes a lower position in the
vicinity of the iris 8. After that, the off-axis luminous flux again passes a higher
position through the second lens group G2 to the third lens group G3, so that various
aberrations are compensated by using three pieces of lenses.
[0020]
30 The aberration correction for the luminous flux on the optical axis is shared by

- a convex lens having aspherical surface of the second lens group G2, and the aberration



aberrations are conpensated by using three pieces of |enses. [0020] 30 The
aberration correction for the luminous flux on the optical axis is shared
by a convex | ens having aspherical surface of the second | ens group @&,
and the aberration 6 correction for the off-axis lum nous flux is shared by
t he conpl ex aspherical surface of the first lens group Q and the three
pieces of lenses in the second |ens group (. . However, when three pieces.
of |l enses are used for the correction, if the optical systemis attenpted
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571 ons o SrCED it ey RRTROR Wl 8 BB BurlF RNl e "
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of the present invention, the neasures are taken by utilizing the adhered
three pi dé@sevst. Weaistbecemeces 6f leases dary ussh fog thet dorreetiqni, éfths opficdl spsters is n

d hani cal ol | the | .. [0021] .10 It
Pt esi r ARSI BERAR tobihact SOR ey B0 hineths Fibe BEBRIVIB A ook co
shareg saéissgrots ?f}ilgmfi(ﬂcb&%ﬂﬁﬂﬁ%r,%gééeh%ﬁ 098¢y &f theconipdabnt 1t(e§s;%‘§')eis/ (32w

(33t) < 2.6 ... 3 p2w: Zooming rate of the second | ens group a
w de- end.inevigbly3Bwreasgtbondenprdiaghy, of thehembbdinbnt efighe moespntainvetdonyithe- end.

Zoon ng. AR S len by GHERG s eiret Hep gl dmies Lol pdnbising
condi ti OfRdee piaE bPRnKsIR LIRS0 SHsRPL hRBhAALE raéd;.%{nbﬁiﬁg eﬁ%ﬁ@ft& wmlg?gow 20

ratio of the second |lens group & and the thi ens-—group t he
sharing 1692] exceeds a lower linit of the conditional equation 3, the

(I Galens o oyp, SR el puel v oo e, RGN VLG PONE 8110 50 ha
shares satisfies the following conditions,
[0022] _
2.0 <(B2t- B3w)/ (B2w - P31) <2.6...3
| B2w : Zooming rate of the second lens group at the wide-end.
15 B3w : Zooming rate of the third lens group at the wide-end.
| B2t : Zooming rate of the second lens grdup at the tele-end.
B3t : Zooming rate of the third lens group at the tele-end.
[0023]
The conditional equation 3 defines a sharing rate for the magnifying power
20 ratio of the second lens group G2 and the third lens group G3. If the sharing rate
' exceeds a lower limit of the conditional equation 3, the third lens group G3 relatively
shares more magnifying power ratio, so that it becomes difficult to absorb the aberration
drift by assembling the third lens group G3 configured with only one piece of lens when
* the zooming rate is changed. In addition, when the focusing is carried out by the third
25 - lens group G3, it is undesirable because a change of a chromatic aberration becomes
unacceptable by protracting the lenses.
[0024]
On the other hand, when the sharing rate of the magnifying power by the
second lens group G2 becomes large beyond the upper limit of the conditional equation
30 3, the shift i necessary for zoorﬁing rate change increases, and deteriorates the

miniaturization of the lens. It is possible to accompliéh optimizations of each of



“the aberration correction by proper

drift by assenbling the third lens group G3 configured with only one piece
of lens when the zooning rate is changed. In addition, when the focusing
is carried out by the third 25 lens group G3, it is undesirable because a
change of a chromatic aberration becomes unacceptable by protracting the

| enses. [0024] On the other hand, when the sharing.rate of the magnifying
.power. by the. _second. lens group & becones |arge beyond . the upper |imt.of.
the conditional equation 30 3, the shift i necessary for zooning rate

poser bl o AR e oL Bhe S Tl Rehlt ot ctp i o SRR 1 e
second | ensygieuhe Sertftidntdoeret i By :pﬁﬁ)‘érl e iéBatthd: th%f}ﬁaérﬁ?fy%?gsbwer fefthky out

y al [ocating the nmagni fying power to
the thi rthird &ms w3 @s suagesiod b sheepndjtiorabeguitid (3 whal the guamirgra® ishen
the zoom Bnd adte is changed. 5 [0025] In the zoomlens according to the

pr esent rl'l1 et fon, the third | ens group G3 conposes a piece of convergent

| ens K8 ([g()gs]nvex | ens), and corrects a dislocation of the inmage pl ane
caused by zoom ng rate change done by noving back and forth along wth the
optical axis wHarthe reomolond agrording ¢ she hesgednveittion, il thivdf legugesip38h a 10

pi ece of | ens as nmenti ned abov hat it is tical to, shorten the
Fength_orf RS ESBERER 1o S0PETRa ek [ oomies) PRpaT| Eopeint HieeinB 0t

retract e%eﬁﬂﬁ’géﬁlaﬁ@@&s@d%?%%%rﬁ@&ﬁ!ﬁ%ﬁ%h i &mg%gaﬁhna*?&%ﬁgng'f the

third lens group G3 is foried one piece becones ficult
to corr ecwith iize opmmlscwhﬁeﬂtmomngfratmgmﬁangm | Orhie ds vonfingedtwiftoausi ng
and he curvaﬁtgre of field o curring.to over side. This introduces a new

pr obl™8m tHIgE ©F 53525 deerignsd, @ ?‘Fﬁ SO 4 it 43 ipEactisnl toushexten the Jpnath 9ngther oper
range. AQﬁ'ﬁEﬂ' BG4 YoquirBd B8 collapsible zoom lens when refracted, and to make a focusing

mechanism simple.
[0026]

However, if the third lens group G3 is formed with oné piece lens, it becomes
15 difficult to correct the chromatic aberration of magnification occurring at focusing and
the curvature of field occurring to over side. This introduces a néw problem that
requires to put this aberration or curvature within a proper range. Accordingly, in one
embodiment of the present invention, the original lens L8 in the third lens group G3 is
_ configured so as to satisfy the conditional equatioﬁ L.
20 [0027]

In addition, if the conditional equation 1 is not satisfied, and the Abbe's number
becomes small, it becomes difficult to put a chromatic aberration of magnification
within a permissible value by protracting the lens, particularly in case of focusing at the
tele-end. On the contrary, if the conditional equation 1 is not satisfied, and the Abbe's

25  number becomes large, this is desirable with respect to the chromatic aberration. But
in this case, since the index of refraction of the commercialljf available glass material
“are to be small, the radius of curvature for the lens of the third lens group becomes
small, and particularly, the curvature of field at the tele-end remarkably falls down to
the under side, so that it becomes difficult to compensate by other lens group. In
30  addition, it is desirable to satisfy the following conditional equation 4.
[0028] B L



enbodi nent of the present invention, the original lens L8 in the third lens
group G3 is configured so as to satisfy the conditional equation 1. 20
[0027] In addition, if the conditional equation 1 is not satisfied, and the
Abbe' s nunber becones small, it becones difficult to put a chromatic
aberration of magnification wthin a perm ssible value by protracting the
-Lens, particularly in case of focusing at the .tele-end. On.the contrary,

if the conditional equatlon 1 is not satisfied, and the Abbe's 25 nunber
becones Iarge,-gﬁé }ﬁ% @ra le with respect to the chromatic aberration.
But in this c% simnce ndex of refraction of the comercially

avai | abl e gl asg3 npé@g[e%gthgﬁiﬁeuﬁrdjﬁn§gﬁju , the radius of curvature for the
‘'ensof "the third | ens group becones [1, and particularly, the
curvature of fﬁ@l&baﬂlmm3haemeﬂﬁn@ndenarkably falls down to the under

si de, (%ﬁg it becomes difficult to conpensate by other lens group. In

30 addlt[ is desirable to satisfy the follow ng conditional equation
4, 28] 8 2. 8¢ 3 I 0 t p. fw
b | engt hﬁé%ééﬁﬁgﬁi iffa fodhl 1&%6115'%%3 F‘gﬁ&éoé*{).ﬁﬁéﬁﬂ B cr"%fgl@%?af@ﬂ th of
t he thi rdxdeedmggmmypefﬁnbmfcthesomdm@mi efuaticnxs, eedbigg ammpefecégsénytfopf t he
COﬂdItIOP uation |ng di st ance neces%ﬁéﬁgfor focusi ng i ncreases

when t he'd iRgetsss (‘,‘g‘lep |tg% OGﬂﬁmgvﬂsc FRIEIRG OBt d éﬁ%‘ §pOEBG3, swthehat

this |Sﬂﬁ)§ i I8Si & ﬁ%@ f shor t

di stance | ncl:r ease%ﬂja@l&bl% cont n&e%% abteﬁﬁu&?ﬁ:é% eng t%n%e’@ﬁ%gesshorter
by excee@nnge &ohtmg; whefrithe fﬁ‘can&ngﬁﬁbmm tshom@l byeensaeding aflowlet lingit 6Pt .
favorabl bec n@i}hl s.makes,. particularly, the first |ens group |arger,

and ot eff BTGRP 4e itris 6t &rvorahle @@@ﬁug%\thl% yekesypartpoBoly, the first

lens group larger, and deteriorates the compactness of the optical system.
[0030]
Now, a first example and a second example are shown as numerical examples

of a zoom lens according to the embodiment of the present invention. In each of the
15 examples, an aspherical surface is expressed with an equation (1) below, wherein an

X-axis is taken in a direction of an optical axis as a coordinate, a height in a direction

vertical to the optical axis is H, a conic constant is K, a radius of curvature is R, fourth,

sixth, eighth and tenth aspherical surface coefficients are A, B, C, and D, respectively.

[0031]
-
X= L TAh4+B +Ch*+Dh'®
\/1 — (1-+ L.)
20 . A1)
[0033]

In FIG 3 to FIG 5, FNo is an F number, and o is a half field angle. In
addition, a vertical scale of a chart desighatmg a spherical aberration is a release F value,
a horizontal scale is a focus, a d line is of a wavelength of 587.6 nm, and a g line is of a

25  wavelength of 435.8 nm. In addition, a vertical scale of a chart designating an
astigmatism is a height of an image, a horizontal scale is a focus, AS isa sagittal, AM

designates an image plane of meridional. Further, a vertical scale of a chart



Now, a first exanple and a second exanple are shown as nunerical exanples
of a zoom|lens according to the enbodi nent of the present invention. In
each of the 15 exanples, an aspherical surface is expressed with an
equation (1) below, wherein an X-axis is taken in a direction of an optical
axis as a coordinate, a height in a direction vertical to the optical axis

is H__a conic constant is K, a radius_of curvature is R, fourth, sixth, .

ei ghth and tenth aspherical surface coefficients are A, B, C, and D,

respecti v - (0 - N2 [+ h4+ B h h"-'- - D.h. .,z 1+ 1- (1k)h 20
oo (7)) d%%légegg‘{g Cﬁ%%éjlog%i’»aié Slgibf E,A%le %e,iagﬁgﬁogz%ﬂﬁg?l? 1%10@ cois a half
field anq{)@34]l n addition, a vertical scale of a chart desi gnatl ng a
“spherical  aberration is a release F value, a horizontal scale is a focus,

adlineis of la adél@@nem@ﬂfﬁC@fNCBSH FéGnfris thaduaber of the léns soffacesdBomdivel engt h

St oont iobfRer iide G LR 1o M I SRE "D 3t 5 SpfeR by ST R Nl ¢

a sagktt a} apAiex dFSicaRAS raamm ehdldange, 0ind o8 Idéb@ﬁ&tles [ﬁSHet hgtmbé:
vertical scale of a chart 9 designating distortion is a hei ght of the

~image, adtirthehdi4obt @) arslBlas pasamﬁterS[ctﬁGigm}itM@madsjthnmi suefasaicdraspod. i n

FIG6 is th the,| th t. sid FIG 2, R
< raoibeeet o Rrgmplsre g ilc il hel REinsSubE e B A1is an

i ndex of gefenchk o aeglgﬁauysea %Baéehﬁetqleéﬁ % ﬁPs'E‘q'er}éCd’grgﬁﬁ 29035€3ehBse

number. Furthér, K, C, and D as paraneters nating an aspheri cal
surface @mlr[e(;pmade betweeadhe dxfnspmrihneSérasldlthe uﬁseS)eqhﬁaBiZGiesfgh}ltes Si dphce

furt hgr begvéerﬁt te‘hrévs%lcgnc{) flenlse;__?r%u ra?lﬁptieAflturd lens group (a space between the lens:

surface S12 and the lens surface S13), and the C3 designates a space between the third
lens group and the FL (a space between the lens surface S14 and the filter surface S15).

10



B2, C3, the Al designates a space between the first |lens group and the
second lens group (a space between the lens surface S5 and the iris S),
the B2 designates a space 10 between the second | ens group and the third
| ens group (a space between the lens surface S12 and the | ens surface
S13), and the C3 designates a space between the third I|ens group and the

EL (a _space_between the |lens surface S .14 and the filter surface S.15). .10 .. .

CLAIMS 1. A zoomlens conprising sequentially froman object side: a first
| ens groufLR&MENng an negative refracting power, and bei ng novabl e back and
forth along with an optical axis when a zoom ng rate is changed; a second

I ens group having a positive refracting power, and being novable to the
~~obj ect si-de al HAgeMmilans comgrisipy sequentixllydrahamobjée sidsoni ng rate IS changed

froma w de- eQﬁrsE Qn@ rto%b%aﬁﬂgan‘%@gat %Joqn%ﬁmergé% %r\ﬁ %r 2 b gk and

forth along with tica XIS avi n |ng povver
wherein; @ @“Eé‘lﬂﬂﬁd"'tf‘@ﬁsppgﬁiﬁplsl\"ﬁ‘@ﬂ@d@@”@@q@@n@ P%ﬂﬂg?d,f romthe object side;

an iris; one pj Q%n@ﬂer%WLﬁf%mg 4 Sdlﬁnv\é*ﬂ@ﬁa%tuﬁé pév?t—ﬂfsénoabe?r‘cry b8¢bId ®Ghd9 tO

t he object si de |? herical surface; and an adhere hree pieces of

| enses, whHEPEisife alg; "chfthﬁg geptiqabards yh@‘uweuzeemunaégte igchangas frO@ Eh’é'ﬁ?scus | ens
havi ng a emiel=tslcas@haid cal surface at an image plane side; and a
convergent |ens

SRR U SRR SRR ARG A AN R
nore of aspbsitivecairading baees wherein;
said second lens group includes sequentially from the object side;
an iris;
one piece of convergent lens where at least a surface facing to the object side is
an aspherical surface; and
an adhered three pieces of lenses, wherein:
said first lens group includes;
a negative meniscus lens having a complex aspherical surface at an image plane
side; and

a convergent lens.

2. The zoom lens as cited in claim 1, wherein:
said third lens group includes;

a one pigce convergent lens having at least one or more of aspherical surfaces.

3. The zoom lens as cited in claim 2, wherein;
the convergent lens of the third lens group satisfies the following conditions:
| n>1.5 and 45< v < 70, wherein
n is a d-line refractive index of glass material of the convergent lens of the third

lens group, and

11



3. The zoomlens as cited in claim?2, wherein; the convergent |ens of the
third lens group satisfies the followi ng conditions: n>1.5 and 45< v < 70,
wherein nis a d-line refractive index of glass nmaterial of the convergent
|l ens of the third lens group, and 11 v is an Abbe's nunber of gl ass
material of the convergent lens of the third Iens group. 4. An inmaging

—.apparatus.nmounted wi th a . zoomlens, said zooml|ens conprising. sequentially. . ..

froman object side: a first |lens group having an negative refracting
power, and bei np aroidaiis! senupatesk of glask Mmaterihl of therepnvérpentdensoythiecthird s s when a
zoonlng r |s changed; a second | ens group having a positive refracting
power , be| ng novable to the object side along with the optical axis
“when 't’he 'zooming rate is changed froma wide- end to a tele-end; and a

third leng gr Oﬂlﬁ)lrﬁﬂﬁf@éﬁ)apﬂ%m@@ﬂeé Qhith B BLAMHhIELA 2boR Ié?ﬁtdoﬁﬁhsi is, and

having a positive'r acting power, wherein;, said seco S group
i ncl udes §%¢tﬂ§’@?‘ﬁ”ﬂ§ﬂ°l“y’°‘r\‘?%‘?ﬁt§ﬁ’é object side; an iris; one piece of

conver gent |en§f|i°§'ﬂ%ﬁ§gﬁ§up|h§@|§ aft neY4tiva¢erdchsd B&Néroaﬁm.@m%%blébm is an
aspheri cal dhered three pieces of |enses, wherein; said

first | engn‘gﬁ%hn F"I”ﬁé"f?‘gg’é'glgt'ga' REGANeD & Feeringcate is ehaNgRdvi ng a conpl ex
aspherical surj aéébndlleri%fgrdniﬁilmir@ a’imhltlvélréf%ctlﬁglﬂovaercﬂfﬁll%”l@mbvétﬂﬁ\ﬁa th®. The
| magi ng agtg)gcr:tas'gdésal&% V\(l:i{h tﬁe optlca?ams nheh thvew}z%tgmmg rate is changed from a wide-
end to a tele-end; '
and
a third lens group movable back and forth along with the optical axis, and having
a positive refracting power, wherein;
said second lens group includes sequentially from the object side; an iris;
one piece of convergent lens where at least a surface facing to the object side is
an aspherical surface; and
an adhered three pieces of lenses, wherein;
said first lens group includes;
a negative meniscus lens having a complex aspherical surface at an image plane
side; and

a convergent lens.
5. The imaging apparatus as cited in claim 4 , wherein;

said third lens group includes;

a one piece convergent lens having at least one or more of aspherical surfaces.

6. The imaging apparatus as cited in claim 5, wherein; -

the convergent lens of the third lens group satisfies the following conditions:

12



said third Il ens group includes; a one piece convergent |ens having at |east
one or nore of aspherical surfaces. 6. The imaging apparatus as cited in
claimb5, wherein; the convergent lens of the third I ens group satisfies the
fol | owi ng condi taensand 48< n>175 @lqgr 45< v < 70, wherein n is a d-line
refractive index of glass materia of 't he convergent-lens of the third |Iens
_group, and v is ¥ aA%‘B‘é@ ©irRgiMseindef ofyllassmartialiof #le @hvélRenOERYENEE Mgl €ns

of the thileds Yrenp, HIHOMR-an/AbA: | BEL aratu unted with a zoom | ens
as defined j éﬂone of clains 1 torr}g.gﬁa%g %??MER@“‘W%ﬁ“FWA@NG

n.an
APPARATUS '/5\%%? CHPOF THE DI SCLOSURE A zoom lens is disclosed to
conpri se sequentially froman object side, a first |ens group having an
“negati ve"'r'ei_ractArp%agower, and being novabl e back and forth along wth an
optical axis whén a POGHPRG AR @opstedvdihgezoonaiens asddfinea 2y 6P oh@Xiay a
positive réftoakti ng power, and being novable to the object side along with
the optical axis when the zoomng rate is changed froma wde-end to a
tele-end; and a third lens group novable back and forth along with the
optical axis, and having a positive refracting power. In such zooml ens,
t he second |l ens group includes sequentially from the object side, an iris,
one pi ece of convergent |lens where at |east a surface facing to the object
side is an aspherical surface and an adhered three pieces of lenses. FIG
1 - :
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