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 A OROTESUNT OF T QOWIERNBION With 1
[0001}
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 of a picture size in an imagi ng device. Further by chasing
m ni aturization 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 zooml|ens conprising sequentially from

an. obj efbuighdsiidh | bF 2 Lilisns 9L P MM AUNRLSEL NGNS GAGhiNG POWer, and

being nova Kk an ort R alon I"cal” axi nea zoom ng
rat e i smitiangeatiomasehighdedctison @ﬂ‘l@u:p alnanﬂnmca tpasbtusieg pafsmeincapypowner ,

and being npvable to the object side,al ong th the optical . axis the
~zoom ngdFesPering behEerRdlanses Ghthe wcafég &r%up\ﬁﬁ?%s &S 96?%?@?

group nRVARLE: hE’l?SI'fnﬁgﬁ)vE&%mn%ﬁﬁ'&h jth the optical axis, and having a

positive refr cting powe erein aid second | ens group includes
sequent i0ADSly fromthe object side; an iris; one piece of convergent |ens

where at | east a surface f i s an aspheri cal
surface; and an adhered th@%@gﬁgﬁ%m%er ein; said first lens

group i ncl udegecopiR@@A firdEaspRNbSHS vhRIds, ihé‘i\é'1§lﬁro@1d§&§f%cﬁﬁflen§§cﬁﬂﬁ{shfga|
surface at an image plane side;, and a convergent |ens. [0006] According to

a secon¥duenyely from apiejeciridene figshlens gr@me ha‘sng)muwg@tw r@fr‘actmmmm and paingt u s
mount ed }6‘4/ tbﬁ]e @ac% cﬁ rtﬁ%t%ng %t'h%n 08 I whGAR rgte 9 seanJ 1R

obj ect Sfe €ns® "gr oup aV| NG an nega Re%'e n POWET and

bei ng n@mth@u{gafmsmvd réfattily fher) @ndbéily MovabdPloithadbiexi slae we@g\w&h 1epticd
rate i s changed; a second | ens rou having a positive refracting power,

and bei & Wéb? goqyng Fate 1@5]1@@@ @P’Gé‘ vikenspd th ateletend appeithind 1%@@%@@%%
Z00om Ngp R fogtg gﬁﬂg th(S TAxy zﬂﬁhﬁﬁﬂg Eﬁoﬁh&e@eﬁaﬁ%ﬂggo&é}dw d{—nﬂ L | ens

group novab fort along wt e optica aving a
posi t i vsecormslflemcgromginpladesrsequeheal by frgm theiobthjcseddn dn irsnencgicra pf corwkbrgeedens
sequentl

ceauent L i Y OGRS, POLect sl el 70 11 S on Blece, of cqpuergent L ens
sur f aceyr 1816, MheRHAN 848 Girdt o€ EroBp BRENDE nkBMSE renidIR &k Raving a complex
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]



said first lens group includes; a negative neniscus |ens having a conpl ex
aspherical surface at an inmage plane side; and a convergent |ens. [0006a]
2 According to the present invention, in a zoomlens having first to third
| ens groups of negative, positive, and positive types sequentially from an
obj ect 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 | eas I f j : Kect .S - i
St e, anacBorditl B9 {rBGnf ihoBriddi RObEH 1o FiGinuaNoARE Ridsouns
ef f ect i vbhggatize postive, andpositiot fypes sdfqueatbety fiomam diyedt hilepihececwokl lens

convergent le hayi n n a erical surface. In addition, it is possible
o mpr B0 iF FRlg e PoRTHOE S B vy SevuPHElY e Bissh SgR. indrs e Pigrin
conpar egorvRrgent AN WRBE AMGHst PG TALTIHS i e dbfetfliets ANdpRertia@lBicbens, to
suppress the increase of a decentering sensitivity along wth a

m ni at uitidan adhsreddheee pieckO ODIENseR 50 thatrit i dblante offgstiealy ediricontiasomgstidnof

bl > . ' hay. | ai ni
Zoom | ehgraiin BY AR e Fometininahespret e culsfod e RRlof MBS g

conf i gup@dsibdtotinpRovaDposittmsnCaRGRICH of thetthiee pidcss of 18N dohfpaded B 2
chart of aberration at a wi de-end of a zoom|[ens concerning the first
exanpl econyeniionaljoge goppgsingsf dablat aad agingle leas, tosepprawsdhainsreszala | engt h of
a zoom jensia it ni : Lhsturs P& toF! G 5 is a chart of :
aberrat?on at gSggpgﬁg%gﬂ%ﬁ%gPiﬁgﬁgﬁ%ﬁs cb%@%?ﬁing the first exanple;

[0007]
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FIG 6 is a chart show ng a specification of a zoom | ens concerning the
first exanple; 15 FIG7 is a chart showing a configuration of a zoom/|lens
concerning the second exanple; FIG 8 is a chart of aberration at a

w de-end of a zoom!lens concerning the second exanple; FIG9 is a chart of
aberration in an internediate focal length of a zoomlens 20 concerning
the second exanple; FIG 10 .is a chart of aberration at a tele-end of a zoom
| ens concerning the second exanple; FIG 11 is a chart showing a - .

specification.of a zoom.ens concerni the second exanple; and 25 FIG 12
is a cha%“@ﬁdﬁ’iﬂsﬁﬁ“ﬁﬁﬁg“ﬂ&éﬁ %WF@%PE%{OI’I’ESDOH& ng to the conditional
equations 1 to 4 in each of exanples. [0007] DETAI LED DESCRI PTI ON OF THE
“"PREFERRED EMBODI MENT ~ Det ai | ed description of the preferred enbodi nent of
the present invention iBRIEFDEIQPRETIEON CASEAE@MRAWMNGSed drawi ngs as

follows. FIG 1Fl§ a. Ch&ft E)E(?FL ai ni ng one enbodi nent of a zoom|ens of the
Cpresent invent ifdH: ! i S SFRIAUAS 2 280w ericGopssnipe the pregeiiembgdigendn i magi ng

mbodimont 1 s 40t ipaqti Shote R EE ATty b £ Pbomp S CASRE et 2

sequent i alxbyiples om an object side, 5 a first lens group G having an

negative refracting, power and novabl e back and forth along with an optical
axi s when a zodWPngiraeher of braateat awidecaidol arrondegs popming the first

example;
- 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 conﬁguratioﬁ 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
. 80  explained baséd 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



having a positive refracting power novabl e towards the object side al ong
with an optical axis when the zoomng rate is changed froma w de-end to a
tele-end, and a third |ens Goup G3 novable back and forth along with an
optical axis, and having a positive 10 refracting power. [0009] In such
zoom l.ens of this enbodinent, the second lens group & is configured to

include sequentially fromthe object side, an.iris S, a piece of convergent .

|l ens L4 where at |east a surface facing to the object side is an |
aspheri cal rface, and an here N pi eces of l'enses L5, L6, an
P 001 BRI i teBiE 4PReeRr Sk pe Al Tpe Ry corisydroPar el ude. an
negatlveﬂnggmbggﬁ§ﬂﬁgn§%§n&&1and L2 having a conpl ex aspherical surface at
“an image pl ane side a convergent lens L3. Even nore, the third lens"

group GB[00MEJudes a piece of a 20 convergent Iens L8 having at |east one or
nor e of aspherlr a surfac Stl€9| further, it gosm ble to have rmre
desirabl e zoom E‘Eﬁgoﬁnf e’Elfn 0f gi8prisgs é@quﬁﬁ alih o aeplyectgidsy

270, 31 "B Ieh R OF 1pPRE MR EMTNAD pob DI o R %??aﬁmm

| ens usedlohgrwﬁﬂnantd]:ltfcdl akie wﬂlegraau@ommg raf&h&lﬁng&meéec@ﬁd Wrasgromwpt@z i al of
an orlglgﬁ |l ens used for the third lens group. [0012] .30 Now, detail of
yin

the pres & o B85 HYR trefractings ppvee snoveplsntoavazdo thengbieet side salong) ém‘@?eéh in .
this z 008}){1% %xls%?éﬁ tﬁé zb&gﬁlggxra%%g %ha'!}%\ég Froy a%nge-enclP & Eele—end and'a tgrci‘ 4

lens Group G3 movable back and forth along with an 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 desu'able zoom lens if the convergent lens L8 of the third lens

group (3 satisfies the followmg 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,



however, the second | ens group & having a positive refracting power mainly
shares many of zoomng rate. In this case, a shift of a focal point is
conpensated by noving the negative first Iens group GL back and forth
along with an optical axis froma wde-end Wto a tele=end T, and by
noving the positive third | ens group G3 back and 5 forth along with the an
optical axis relative to an inmage plane IMCG [0013] The first |lens group Gl
of the zoom | ens according to the present enbodiment has a large quantity

of refraction of,an off-axis principal ray, particularly at the w de-end
W so t hatoTaFhdhe saPngats %?FF“Qn@S de¥ipgra postivbEsTrasting ROvenmaidy shwes |
Then, accgagl H8zobhih® rdibe [ [ ' 0 _have a
“‘concave- C'ofllg}ex confi %artat i g{nﬁﬁ%?gesg’ede t())?f‘a gg %aé %:)54;25 ?‘gﬁné&g%gdgg&wg shi ng
a mni at uh¢ 2egithre 6fst dehsegsogy Sflebackamd futth albppewittah spiichRagisOfiomesi n at

t he i mage pl an ide of an negatjve lens, that 1s, so-called hybrid
aspher i cawﬁgtﬁnga@etoiaste e ﬁe’i‘ﬂd DowHne the psitive thisd lens groupcGd eek aydbes of

the ghasspopRbeealitt heha @ﬁkﬁcﬁsdreﬁi@gﬁ JoR #%ygg}%}% wel | an astigmatism

and distortion aberration by providing suc pheri cal surface at
thi s port[08Mwhil e keeping a cost nmerit. As a result, the first lens group

& is able to bﬁigfon{)'ggured to have a sinple construction of two pieces of
| enses, . and i t'Aedishiers gravn Gl € &prastorslena agronding de theapressnt ebhbodimentns

system a p&%t- - rticularly, .when onpl ex
aspheri cgllaglaen Llﬁgmﬁg I[’)IPCa egg%?%twrre%f{ﬁsgﬁmﬁm 11 ﬁﬁn\éﬁaﬁ' ?trtg?/i%ﬁlke‘?nd

har deni ngWi sctiavlangy astiastisniane disedrtio ekrfalion tER1 fol dcehr. T8RS, ALOMRS 1S
required to _have high transm.ssion rate for an ultraviolet ray. For

exampPe, b gireseR smbadunenty dntsedesigned ctochavet & sontaveindes icoafbgweatidmt  t he
e ST S S e ST 80508 o
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
exainple, 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



“l'ens~ k4 has a convex sur

[0016] A, 5%350nm...2 [0017] 30 In addition, in a convergent lens L4 (a
convex lens) located in the nobst object side of the second | ens group @&,
it is desirable to provide an aspherical surface at least 5 in the object
side. In case of zoom |l ens preceded by an -negative group, a lum nous flux
fromthe first |lens group G becones diverging |lumnous flux, so that the
~.thickest. _lumnous flux effectively goes through the convergent lens L4

| ocated in the vicinity of the iris Spositioned in the nost object side

of the se er ef econes possible .
effective ;’Lﬂggb ts%lg? tﬁ"ec%&o}@@f)’fno H%Pr?ﬁﬁ%q' BX&I“%%@ Yeagfob‘ﬁ B;”lﬂlﬂof"r@ an
aspher i caﬂmgs%ﬁlaﬁ@ iR N8&ns %rﬁuﬁ@ﬁ' BecOfhes 'dive'r%% g%ﬁhﬁﬁ% ek Naf b g tﬁlﬂaﬁé@?f gent
ace relative to The iris S. Because If
conver geruminnys flux dffestively gnentheoughuthé acmyergdns lénsriisivastef limshei weidity ef gi ng
further, nd t nvites, the | eas t he lLaneter qof th cond | ens
group @. 918“[%63% ioned 1. the Fosho J?ﬁélq%égrs%ﬁsw RS %‘8‘:5?& g? eg ifris S
i s | ogat o at the
s e O ey P P e o R R ﬁﬁgﬂh%gﬁé%ébgﬁﬁ}é@%ﬁé% the
i nci dent zaregpleerizal samfalcarhgncngme&dmm iisis desiedlde diak thisredteyesdeat leayl 4 dagla t hat
it Is possible a.m.niaturization because 15 a space of the
obj ect si¥EYF¥ f}iffaPﬁée F‘%P togthe drig §ar Bgcanse At the corvaredilens L4 baka gersape

conpar ed. @ﬁa&@%sq%mgu%gf div{eh%?é fhiind0%a ge&hsb S Pd BAGS. o thoe

second | ens group I's ah effect to su ress- he Thcrease
of the e@mﬂaﬂoﬂhanm()adlmfsgr&m}s(}zj n the first |lens group Gl by bringi ng

t he p05| ti of an incident pupil at the wide-end close to the object

si del [P@&J] '

In addition, the reason why the position of the iris S is located in the most
object side of the second lens group G2 is that the iris S is preferably positioned far
from the image plane IMG because the ‘inc'ident angle on an imaging 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



Among the second | ens group &, three pieces of [enses (adhered three

pi eces of lenses L5, L6, and L7) are disposed to the rearward of the
precedi ng convergent lens L4 (a convex lens). In the case of a zoom | ens
preceded by negative lens group, an off-axis lumnous flux passes a higher
position above the optical axis in the first lens 25 group G, enters into

the second. lens group &2, and then passes.a lower position in the vicinity ..

of the iris S. After that, the off-axis |um nous flux again passes a hi gher

position 2( l.en t he th| ou

t hat varf%gé Hﬁﬂ%%?@ ?%%%ﬂgygg%ong%ﬁggtE%BB%YJE?ﬁanP Fé@p F@gl§né?epgnses
[0020] 3Be The lehepralp 0N GRF {heChtRpibek éﬁ]%nééénhn&!dsse%ﬂ@%%‘ i\ ept i cal
axis is shared by a convex |ens having aspherical surface of the second

| ens gr OLHPWEI' awlepnt theeegheaes af leppesare vseddior ﬂmcomptlmrh af b fopa&al systemiinous

i BRSNS o R J0R RSl SUbATEr Boce BPSe B e afe P
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systemis ted to be noré conpact, It is necessary to share the nore
power . W tlhe'wtmblmmmecs Iémr@nQWH%e emtiodiotnt abd:"ngda )presbiltelmi’enimm ghé ng
sensitivity of the o I's, .1nevitabl ordi ngly,
in the eMBEEHTFRATT “g‘p‘é]él& ‘ﬁ\‘?é‘?ﬂﬁhﬁ?? pipgss of, %ai%n%y

utilizi nqmtee@le@é@sm@lséshﬁ%ﬁde@k@mrm meERRAS 'a?selﬂb‘ﬁngggﬂl bﬁthﬁéﬂggs three

pi eces of |lenses in order to absorb a nmechanical ass ng error of the
| enses. [POBIJ1] 10 It is desirable that a ratio of zoom ng rate which the

208, 3am Uy Srb{ESES 23550 B Somunih i v tn GHePBY d°%51 SPHE Ghoond
I ens gr ouBardt sdth@ieileroBding conditions,
- [0022] |
2.0 <(P2t  B3w)/ (B2w - p3t) <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



15 [33w : Zoonming rate of the third lens group at the w de-end. 02t
Zooning rate of the second lens group at the tele-end. (33t : 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

|l ens group & and the third lens group G3. If the sharing rate exceeds a
lower limt of the conditional equation 3, the third |lens group G3
relatively shares nore nagnifying power ratio, so that it becones

difficult t aberration drift S ling the third | ens
group G3 rgfor% tlﬁ%ié)ge‘%rvﬁqﬁﬁe %ﬁ?@ﬁoeﬁg gﬁqugc(% 3?‘?%@1??@“ i grgw% @oﬁ’rﬁ Ffbea}sﬁi’e i s
changed. dafryasidithé @erratid@eoteidoby pidperlySalleeitidethe Qo idd Botli {okne> | ens
“group 'G3, it is undesirable because a change of a chromatic aberration
beconmes thidiwepremn €3 oy spggssicd by ithgcarndéionehegsition G024 ha zbomirgt fagrishand,
when t he czlh rei ng rate of the magnifying power by the second |lens group &
becones | rag%dbeyond the upper Iimt of the conditional equation 30 3, the
shiftsi megegsary for zooning rate change increases, and deteriorates the
m niaturizatiion of the lens. It is possible to acconplish optim zations of
each of 7 ref riadhé mgopoes agordihg te duopeséeniavgrtonp ti@thivddend grdupi 8 | ens

03, dt 1 t b ti tion, ) I
21 Tocat 1 15 EREAGRF i 56 ok Tets (e SoRfe o Onat roimecs Gcaligaet el by

the condithi @Rake SAHALHRE] %yvﬁaeﬂﬁ@fat@aﬁﬂr%e%h@ﬁog Ihﬁ]mg %aaggﬂﬁi s Qfdgpl 1N

the zoomlens according to the present inventio e thir ens groap G3
conposes witlpithe: eplfal camvehgetic famsing&ateaiscanuged.| €Mtd} is anafipoed edtlsaa

oot J07 b aRRe bt B rhaionB Bhove, 56 Hhat hs pachcal to Shorten the Jength on
- optical axis required to a collapsible zoom lens when retracted, 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



with the optical axis when the zoom ng rate is changed. This is configured
with a 10 piece of lens as nentioned above, so that it is practical to
shorten the length on the optical axis required to a collapsible zoom |l ens
when retracted, and to nmake a focusing nechanismsinple. [0026] However,
if the third lens group G3 is formed with one piece lens, it becones 15

difficult to correct the chromatic aberration of magnification occurring at

focusing and the curvature of field occurring to over side. This

i ntroduces a n?\ﬁrgﬁp em t@at requires to put this aberration or curvature
W thin a propef Targe. icgc r'(ﬁ ngly, in one enbodinment of the present

i nvention, the@fP&iamPénghﬁéﬁhé%ﬁﬂeh@gr&uﬁi rd lens group G3 is configured
'so-as to satisfy the conditional equation 1. 20 [0027] In addition, if the
condi tional eqbat Fopallengh avthedeleienfli ed, and the Abbe's number becomnes
smal |, i-t%)ggﬁorres difficult to put a chromatic aberration of magnification
wthin a 1 ssible value by protracting the lens, particularly in case of

focusi ng at the h&kBnends ngleﬁil%lg%ﬁhtﬁn%g%ﬁr%ﬁgns:éguff%%di)écjo ; !Slolggéi‘gﬁ@gon !

is not satisfied, and the eco arge, irabl e
wi t h r espereding anhgppehtiontdf the atetitiondl @quatBin 4, o motihg digare nesésves fbhe

i ndex of .refraction of the comercially available glass material are to be -
smal |, tREUsiRgiBEeges (‘fﬁ@é‘?‘hf‘)@“?lﬁg Ig ‘F?éTlP‘éHEt‘GTﬂlﬁﬁet%{fﬁil?fé grews Ggr suphabecones

smal |, a ' f 5.8l t t -end renparkably
falls do%s Itpsgﬁ&ﬂt %%hﬁfr)\i )él?ecsﬁ%ea? Hé%lag{eﬁ%fﬁh?tabg}ergﬂé%eg% ispgli'tc(ﬁ%tgmt%om&?ﬁﬁe@hsat e
by ot her Ohehs cgntvany, whan tBOfmdblenptinbecoines Shotsr yablceedig 2alowwet Yintiber

foll owi n congiti onal equation 4. [0028] 8 2.2<f3/fw3.0.,.4 f3 Focal |
| en_g]ton oftcigea Jctmn@ﬁeq ndl,, éfuis not favorablé because this makes, particularly, 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 =+ Ah'+Bh*+Ch*+Dh'’
1+\/1— (1+K)2
O
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



fw: Focal length at the tele-end. [0029] 5 In addition, if a focal length
of the third lens group G3 becones |onger by exceeding an upper linmt of
the conditional equation 4, a noving distance necessary for focusing

i ncreases when the focusing is carried out with the third | ens group G3,.
so that this is not desirable because a change of the aberration in a

__short_distance increases. _On the contrar y,..when the focal | ength becomes ... .

shorter by exceeding a lower Iimt of 10 the conditional equation 4, it is

12 o AP R R e o 70010,

a first Q@@g’:‘gl e and a second exanple are shown as nunerical exanples of a
~zoom'l'ens according to the enbodi ment of the present invention. In each of
the 15 exanpl d8 addiionspsifaceNo. duFiGckis he supbesellie Mnstsuscesdieniton (1)
belowwh e ]S, 1S takendn a.direction of tlcal axi s a
coor di nat* ec%as}ﬁ&%ﬁ{@%idlscﬁ ‘P@B{SP FUCSARYES @éf aLSBaclel]ng’S gag supfaces, Nd |y 5
coni C5Consta@nindes df refrab@dt Ysla@fe GHNALUNRe sdRvd fdéb&@,ﬁ&tes Apels hnulﬁb&ht h and
tenth aspherical surface coefficients are A B, C, and D, respectively.
- (00311 hfurtker, K, 41, BAC, B1chB-as@animeterslesignating an aspherital rutfdce corrdsgond
[ 0033] 3.to FIG 5 N0|s anFn and.co | halfflel angl e.
[ audi 00 GACh &F bERRRE in B IeaURTR g nart Bt i3 R eromps AL
aberrati @p, i3 ank %Pﬁ@ﬁgfaté’@!i Ylace Bet{iz@éﬁ %ISH“BPs't 1&&%@ $nd tﬁ@%yéond%ﬂs line
|sofawavelengtho nm and a g li1ne is of

group (a space between the lens surface S5 and the iris S), the B2 designates a space

10  between the second lens group and the third 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



25 wavel ength of 435.8 nm In addition, a vertical scale of a chart
designating an astigmatismis a height of an inmage, a horizontal scale is
a focus, A Sis a sagittal, A M designates an i mage pl ane of neridional.
Further, a vertical scale of a chart 9 designating distortion is a height
of the imge, and a horizontal scale is % [0034] In addition, a surface

No...in_FL.G.6 is. the nunber of the lens surfaces fromthe _ object side.in . . .

FIG2, Ris a radius of curvature, Dis a space between |lens surfaces, Nd
5is an i GHRAIMBf refraction relative to the d line, and vd designates
Abbe's nunber. Further, K A B, C and D as paraneters designating an
aspherical surface correspond to each of paranmeters in the equation (1).
Sl ur ther,  AEoemianswamprising sequengaly e 20 pbje®2ijdeC3, the Al desi gnates a
space between I ; %ﬁ@;- pace

bet ween the Ie%lg'%ts%bé @gbggﬁgggﬂﬁ lF;%%iﬁlr\vraings _t'ﬁggﬁigB e%'?%ﬁgy%ské ga%pace 10
bet ween t A 9EB 3A9 VIR SnQpEeR axisavheR@ 2oaming rpieris clpnged: (a space bet ween the

lens surface §é&oﬁa%r{s@¢odpq{§/ir®dlﬂ {J%gcﬁg féf%)ctingﬁﬁ&wérh@no@eiﬁg%b%ﬁé £%hé space

between the third. |ens group and (a space between the |ens surface
S 14 and PHeCtSidealanoy|ifythe aptisah axis whamthe zapming rate ischangad frems WigApr i si ng
sequent i abhd/tofa tei@-and; @y ect side: a first |l ens group having an negative

i 5 ahen_a 2 BTGP APOUR o bl sk ane RO Ve GPUGH AR AT e Bos {1 ve
refracti ngppsitiverrefraciilg pewagwhessal)l e to the object side along with the
ol e ond:  and B4 FI0 FERS RIS Fos Reie B 357 OB ong w th the
optical axis, anidshaving a positive refracting power, wherein,;
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



said second | ens group includes sequentially fromthe object side; an
iris; one piece of convergent |ens where at |east a surface facing to the
obj ect side is an aspherical surface; and an adhered three pieces of

| enses, wherein; said first |lens group includes; a negative neniscus |ens
havi ng a conpl ex aspherical surface at an inmage plane side; and a

convergent lens. 2. The zoomlens as cited in claiml, wherein; said third

| ens group includes; a one piece convergent |ens having at | east one or
more of aspher ¥ ésean Ahhefsanember oBglaghmategalmf thernegrgettiend df thecthisd feng,
wher ei n; bk@ convergent lens of the third I ens group satisfies the
follomﬁng coﬁditions: n>1.5 and 45< v < 70, wherein nis a d-line
~refractive index of glass material of the convergent lens of the third

I ens group, ang Hag‘i’nd &p%%t@@ﬁ@uﬁte@uﬁm% 208 Ig43a§z§1d 0B8R dr! cofforibih

convergent lens of the third lens group. 4. An Imaging apparatus nounted
with a zoﬁﬁqe@?‘ﬁilyf@ﬁiﬁ‘ﬁ %‘%ﬁ*rﬁldéns conprising sequentially froman object

side: a first éﬁ@ﬁlegé @#bl&phﬁ\/lh@gn@iegél%ﬁ‘éﬂa\éﬁn %We%%rﬂdweuﬁg)m%{}am@a&kbel ng
novabl e back 8 % gwé alon with an optical axis when a zoomng rate is
oaBAPrp s 2wl

changed; &% I‘i’é@l"‘ﬁlﬁ”é’ 7968%1g gie i 8h3ngedi ng power, and being
movabl e to thea s@&ajndtténsfgr@lﬁ) ledvingth péditive réftacBiRy b&@dr, and ISeivd@BvadietozROM Ng

rate is ngjgges:cclﬂefarl&g wﬁh\%e 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.
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



end to a tele-end; and a third | ens group novabl e back and forth al ong
with the optical axis, and having a positive refracting power, wherein;
said second | ens group includes sequentially fromthe object side; an iris;
one pi ece of conwvergamnd 4££n§<\¢/@e‘;,ﬁ%r%¥n | east a surface facing to the object
side is an aspheri cgll_ surface; and an adhered three pieces of |enses,
_wherein; said f7F&dneligedepniecoiaess materisigattio@nieRbaaLss bARS gV ng-a

conpl ex asphbes goap, sidrf RGH Alb [ ane .side; and a convergent |ens.
5. The inmagjng apparatus as ciﬁﬁurﬁﬁgc fg!ar%sﬂat?/ﬂ‘?g?fetf‘ﬂFon‘éeég‘?j‘tierﬁ‘lsroéltheens

' ncl qALL1ens St b i

group incl udes, pi ece convergent |ens having at | east one or nore of
aspherical surfaces. 6. The imaging apparatus as cited in claimb5,
“wherein; the cownei%ent | ens of the third I'ens group satisfies the

fol | owi ng condi t'i ons? IBPPRA{USMgHRtedmdthva zoofD{enwhae definedrin iagy anslof Hfifs
refractive fitadex of glass material of the convergent-lens of the third |ens
group, and v is an Abbe's nunber of glass material of the convergent |ens
of the third lens group. 7. An imagi ng apparatus nmounted with a zoom | ens
as defined in any one of claims 1 to 3. 13 A ZOOM LENS AND AN | MAG NG
APPARATUS

13



ABSTRACT OF THE DI SCLOSURE A zoomlens is disclosed to conprise
sequentially froman object side, a first |ens group having an negative
refracting power, and being novabl e back and forth along with an opti cal
axis when a zooming rate is changed, a second | ens group having a positive
refracting power, and being novable to the object side along with the
_optical axis when tAsZQOMILENS AND AN IMAMGHG APBARA T Ye-end to a

tele-end; and a third lens group novable back and forth along with the

optical axis, and having a positive refractin ower. In such zoom | ens,
t he second | ens group in&B&E&Agg@EH&%DESCLQgH%E he object side, an iris,

aidei o an asprdiTe e TR i Cafior S e OE B DT E et R G
1 _ lens 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
5  apositive 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. In such ioqr'n-lens, the second lens group includes sequentially from
the object side, an iris, one piece of convergent lens where at least a surface faciﬁg to

10  the object side is an éspheﬁcal surface and an adhered three pieces of lenses.

FIG. 1
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