A ZOOM LENS AND AN | MAG NG APPARATUS BACKGROUND OF THE | NVENTI ON [ 0001] 10
1. Field of the Invention The present invention relates to a zoom | ens 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 stil

canera, a video canera and the |ike, and inmagi ng apparatus using such 15
zoom | ens. [0002] 2. AESOON AENMHADID ANeIMRAGANSAPPARATURecent years, a
video canera and a digital still camera using a solid state imnmage sensing
devi ce have been widely spread rapidly, and high resolution and further 20
m ni aturization of those apparatus have been particul arly denmanded. A zoom
| ens whi ch has zoom | ens construction of negative, positive, and positive
types froman object side, and a first |lens group having a small nunber of
| enses such as two pieces of concave and convex | enses is disclosed in the
patent docunent 1 and the patent docunent 2 as a conventional technol ogy.
25 [0003] Patent docunent 1: Japanese Patent Lai d-Open No. 2001-296475

Pat ent docunent 2 : Japanese Patent Lai d-Qpen No. 2002-372667 [0004]
However, it is very difficult to obtain a zoomlens for 5000000 pixel-class
by 30 applying such conventional technol ogy, because m niaturization of
lens is difficult, and f@r&%ﬁﬁqmﬁﬂﬁm%‘ﬁvENﬂ"bobTati sfy a demand for

hi gh resgb&hgon acconpanying with 1 mniaturization of a picture size in an
i magi ng device. Further by chasing mniaturization and high resol ution of

| ensgpan i nfl uenerld éF tBe [iIRepBbNg perfor mance by

The present invention relates to a zoom lens and an imaging apparatus, and
particularly to a zoom lens having a F number 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 like, 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
o‘bject 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
30  applying such conventional technology, because miniaturization of lens is difficult, and
further, it is difficult to satisfy a demand for high resolution accompanying with



decentering between | enses of the second | ens group becones large, and it
becones difficult to acconplish an inprovenent in reliability. 5 [0005]
SUMVARY OF THE | NVENTI ON The present invention was nade to sol ve above
menti oned problem In other words, according to the present invention, a
zoom |l ens includes sequentially froman object side, a first | ens group
havi ng an negative refracti ng power and novabl e back 10 and forth al ong

Wi th an ophirgahrigod WheR Fc&ROWAD ifake in%abglsﬁgan&%e. a g&ﬁ?&?db € Biasiryl OUP
having a positive refracting power and novabl e to the object side al ong
with an opimiatatizagionsndiiegh taselution o bepsy at exflienchongfdufing pedfonhatecdyd to a

tele-end, and a.third |lens gr havi a positive refracting power and
movabl e bdtREEAYE b??’f?eﬁﬁ?fﬁﬁg\ﬂ? ;ﬁﬁe éfﬁ’onggf’?sc oUR gesome args, nd He beeivatd | ens

group T nClyifiRitls Roliftislh §ibrovkilent ifelidify. @ PIece 15 of convergent |ens
havi ng an aspherical surface at 1ts object sfde, and an adhered three

pi eces 5of [P@b¥es. Further in the zoomlens as nentioned above, the first

| ens group conprises a div i ng neni scus having a conpl ex aspheri cal
surface facing to an i mage %MR%%W@\)@%&QNI ens. In addition, the

third I'ens grouprye lgééggﬁlv@nt%neﬁgs fhde ‘L:oogb\{%]gl%% r%&ﬂi%n%ﬁfo%l% [I.ﬁlaoﬁhera

surface facing to t ject side I's an asphérical sur €. e present

i nvent i on vabrds acebrkies td theapresenn iveptiam pazain dersavtlndest tquahVle fdAtanoned

zoom | ens. [ 0006 AcﬁcIor ding to the present_ inventjon, in a:zoom|ens having
&

first to taW§l sidena fugh lsnhErayp hrving s Begabiysrefrading noavep s tmerabls) pack

sequenti al h.€, ' : 5 Is_ahle to be
confi gh)r edal’r:l ?oﬁ)ﬁg\r}ael&%e%%lnﬁ 8?'?“913??“ %%ﬁea%&&g‘g& léa?%%, &‘gaﬁggc} r &0 gd?ne?ce of
conver gentgrbynkavihg aeositivt eeffdctiag potvenard fraehblg 16 the ftged @i@%oﬁ%dﬂhi a® an

t

aspherical surface, and an adhered three pieces of |enses, so at it is
abl e to efiPEEdliaxe yhenthezgoming ratedy Fhanged damot widseenddeiadeletspds end pthitde of

Cony e I kA RSO ot 5B BAOUHA W il BB
conpar ed toptiealcminy eiicteimtle secthddensiTbap R haied Gobl Bk oBjeet Sd& aATHE ol BE.
15  of convergent lens having an aspherical surface at its object side, and an adhered three
pieces of lenses. Further in the zoom lens as mentioned above, the first lens group
comprises a diverging meniscus having a complex aspherical surface facing to an image
plane, and a convergent lens. In addition, the third lens group includes a piece of
convergent lens where at least a surface facing to the object side is an aspherical surface.
20  The present invention also relates to an imaging apparatus having the above mentioned
zoom lens.
[0006] 7
According to the present invention, in a zoom lens having first to third lens
groups of negative, positive, and positive types sequentially from an object side, the
25  second lens group is able to be configured to have sequentially from the object side, an
iris, a 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, so that it is able to effectively
carry out a correction of aberration by the piece of convergent lens having an aspherical
surface. In addition, it is possible to improve a positioning accuracy of the three pieces
30  of lenses when compared to a conventional one comprising a doublet and a single lens,

to suppress the increase of a decentering sensitivity along with a miniaturization, and to



to suppress the increase of a decentering sensitivity along with a
mniaturization, and to 2 forma |lens systemwhich is easily assenbl ed.
BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 is a chart explaining a zoom | ens
concerning the present enbodinment; 5 FIG 2 is a chart showing a
configuration of a zoomlens concerning the first exanple; FIG3 is a
chart of aberration at a wide-end of a zoom | ens concerning the first

exanpl e; lﬂ)rﬁ’l n§ sﬂst&ﬂ%lﬁcﬁ){s e@gﬂés 4RI n an internediate focal |ength Aof

a zoom | ens cernin exanple; FIGS is a chart of
aberration at a tel e-end of a zoomlens concerning the first exanple; FIG
6 is a chart showing a specification of a zoom|ens concerning the first

example; 15 FIG7 is a &FFEF W@@I\E@EH%DMWH\T@S a zoom | ens
concerning the gpe ”@ac%aﬁ'& I?Linnllzla nllﬁeng f%ng e%@

wi de-end of a zoom’ éns conc secon *chart of

aberragion in aFI@d ﬁﬂ%ﬂérﬁbl@omgé cdlﬁrgﬁfalﬁoﬁfofaa mmdxﬁrt@nce%&ngqﬁ@ﬁ&ﬁl ng
the second exanple; FIG 10 is a chart of aberration at a tele-end of a zoom

| ens cpnc@?@mﬂ]@ the second exarrpl e; FIG 11l is a chart showing a
"85 chart show g TORTREAT BRRRE o e Sl SRR RN ool Bl
equat i ons eahple4 i n each of exarrpl es [ 0007]
~ FIG. 4 is a chart of aberration in an intermediate focal length of a zoom lens
10  concerning 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 configuration of a zoom lens concerning the second
example;
FIG 8 is a chart of aberration at a wide-end of a zoom lens concerning 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 speciﬁcatidn 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.
[0007]
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



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Det ail ed description' of
the preferred enbodi nent of the present invention is 30 expl ai ned based on
attached drawings as follows. FIG 1l is a chart explaining one enbodinent
of a zoomlens of the present invention. This zoomlens is principally 3
applied to an imagi ng apparatus such as digital still caneras. At first,
the zoomlens of this enbodinent is described. [0008] The zoom | ens of

this enbodj i | . 1 .ect,.si de ' | ens
aroup G - RRaTeosh R BRI el AU bles U e 8o bR 1

al ong wi t hhisrodetintalt ivddssrivdden a zooming rate i s changed, a second |ens
G oup & having a positive refracting power novabl e towards the object

si de al ondOQ\Q&]h an optical axis when the zoonmng rate is changed from a

wi de-end to a t -end,,.an -t hird._len e _hack.and forth
along with an ogthlgczg’f)gal%gssgf %ﬁsqe %%Ovc%uﬁaﬁac%gggfg% | %/egé eﬁ%@?ﬁ’rt&éﬁc’ﬁbﬂ"gé\%r:

[ 0009] 51 n asfughlend @ratpe0s Habing %%e?ﬁ@@feﬁ%ﬂﬂimg bOReSAHOMEVAIRE Dadli SMDIdeh | S
configured to include sequentially fromthe object side, aniris S, a

pi ece of eMmecviemn ¢miesl &xis wisna monisg gateds shangedea fsaednsglens Groep 63 ect
side is anp _as herigqj su)ﬁf a)tce, and an abqhetred 1% t(g{ie% gc s of.] enses
L5, L6, and'r®. 2 POotor FHeHs PPEH, TeNedle tpeprdschs QRig pg LB i Bur ed
to i ncl udep@balneaAkhMtethe PBRhEGUSte! i€ Bs@Sed o Wwide-GRMoNGe R -&RIMMEX third
aspherical surface at an image plane side, and a convergent |ens L3. Even
mor e, t he lensi Gepup &rsmgrahle bak andcfortl ebong withe e opficad a2ie, anshhayingempositires L8
havi ngPattr‘Iaﬁ%ch one or nore of aspherical surfaces. Still further, it 1is
e

posSSi esirable zoomlens if the convergent |ens of the
i VE& ML desi rabl | if th | L8 of th
third | engop@oup G satisfies the follow ng conditional equation. [0011]

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 convergent 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 1.3. 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 following 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 group.
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,



n>l . 5and45< v <70...1 25 n: Dline refractive index of glass material of
an original lens used for the third |ens group. v : Abbe's nunber of glass
material of an original |ens used for the third I ens group. [0012] 30
Now, detail of the present enbodi nent is described. Wen a zoomng rate is
changed in this zoom | ens, each of |ens groups noves as shown by arrows in
FIG 1, 4 however, the second lens group & having a positive refracting
power rmai K f ' . ) . L hi [ f ocal
ot 15 o oD ferl rB P Bl okl tefraqiBibosibriiinly lard L0
forth al ongamy ¢freceminptate al Inakissabs, ashidt ofd dabpsind¥stdnmehekest Bnshotingand by
nmovi ng the positive_third | ens group G3 back and 5 ferth along with the an
opti cal a%hé negatiye; st depsagrovndgh barlaqad forth [denmitthan foptieal axamdrog dup 01
of the zoqu;le rodi NG, 4t e L YRE a l-ar Qe quantity
of rof ract e ay Gi6 e £ i DyRBERER BBt L AR g

W so thatfotthalpeg vt thganbpteal arid relasiototandmagbelahaliion tend to occur.
Then, accarding 10 to the present enbodinent, it is designed to have a
concave- cdR¢EY configuration preceded by a concave |lens for acconplishing

a mniaturizati t n n 21 | surface ,of..resin at
t he i mage pl anqueggarsofsﬁs:%% Hé)g:lt :8{/93%%8%@3%%%85 ,ggogt_lh gﬁs enhlgpgfxpant

aspher i calhas anldrge quarsitpoOrefideton ¢RI -axid prihéiphlsapPattiduriytt HRAGRIetepges of
the glass material to be selected, and to conpensate well an astigmatism

and di st or¥i ¥hthablerges estimnatisnpanst digiortiprsabsratigmtand to aspirer Ther, aserrflmge at
B N T TE le L
|S 5 Qts g?n « %&jﬁﬁﬁ 1‘23 aROSEVB lehstfor AL6MPRYLISHa tiflattirZhiién 804 leffsytert NRdl8NS

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 lens
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 [0015]

' 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]
AS5%<350mm ..2
[0017] _
30 In addition, in a convergent lens L4 (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



20 [0015] Even nore particularly, when a conplex aspherical lens is
fabricated by a nethod utilizing an ultraviol et hardeni ng technol ogy,
glass material used for the first lens group GL is required to have high
transm ssion rate for an ultraviolet ray. For exanple, as for the

transm ttance characteristic, it is desirable that the wavel ength of the 25
ultraviolet ray functioning a transmttance of 5% that is, the wavel ength

(X5 9N ispligsspijethade. 3%%6 b0d&h 1dnd ré@gt{ég ﬁn flg% 90 ?ﬁluﬁ) 30ubdinous

addition, 1n a conver gent lens L4 (a co vex | ens ate t he nost
obj ect si dbxafromtibe Sest derd glr@lpng;rb@u@néa’Zc_hveﬁgmgsludmu“sefbixe sé ¢hap rtevihibkesn

b bceded DY A arETGTL e Brogh i oI pideRy L%‘nlé:q%ie%ﬂﬁﬁtyf%%&éeo&foup
Gl becomesydiues gbﬁg%ﬂeldrﬁl ;&%“ﬁg%'n&ﬂaiect $fe to?ﬂ{e steggmf 1he¢ g.%gblei UM QLS e JUX

effectively goes't ugh rgent Tens oca n't he V|C|h|ty of

the irbs Sepaned passibit toreffebiveipsirrpbiteht csireldionfoftispherkal shitgration sy gsipgp G2.
Therefore, it 5 bheco g@sm ble to effectlvely carry out the correction of
spheri cal ‘g asphezicalgwr n@a Engln additian, Hds desifablethatdbis C%Y%gem#na&&has@n it

|s desi ragpﬁxéégégélﬁfaké‘@ tfx%%%@ﬁ&ts' B, ensiﬁli e fonved ){FfénEth%E% ¢ DRtAE Ve to

the iris ause | he conver ge concave Sur ace t he

| umi nous fslitfacd, shelilwet@iun ghixuist digergirn trthel, Saddnitié @Svitebehé nedreas eofothet he
di aneter of the second | ens group_G&2. 10 [0018] In addition, the reason why

t he p05|t|déﬁ4n‘°df5r?ﬁ$heﬁf‘r°i°§ @nﬁgql’@c@@ed in the npst object side of the
secon rtﬁ group & Is that the iris Sis preferably positioned far from
t he |nage p?arle 1MG because the incident angle on an imgi ng device is

preferably nadeIshdlitiow, thendaidnaivhy tthd posiaes iofltee tis BGS A6RIddSH e most
m niaturization because 15 a space of the object side fromthe iris Sis
shared wi tobiegh sidgtadthe seeond | lepssgrghp (% is that the iris S is preferably positioned far

from the image plane IMG because the m01dent 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 iris 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 group
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 LS5, L6, and 17) are disposed to the rearward of the preceding convergent lens
L4 (a convex lens). 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 S. 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



conpared to the case where the iris Sis |located between | enses of the
second lens group 02. Further, there is an effect to suppress the increase
of the external dianeter of lens in the first lens group G by bringing
the position of an incident pupil at the wide-end close to the object

side. 20 [0019] Anmpong the second |l ens group &, three pieces of |enses
(adhered three pieces of lenses L5, L6, and L7) are disposed to the

rearward QbriehiforPf? ¢RIbMAXxBARMBEE Hux! i€ Sared By (1R cfo%wexaépﬁeﬁaal shifadet Ccase
of a zoom | ens preceded by negative | ens group, an f-axis lumnous fl ux

pas ses a Hhe st lpus gtoupnGhbmdethe Itbre@ gne:ocalof dsmses iim thdw eedond slens.i grosp 252.gr oup
enter into t ond Ien

, r?; t hen % OSI tion
R keSO 1cied aPe et £51 e GO POy 409 SRHoALTISt
agai n pas sa.%ém%tet&' tefb%rmore%h{ﬁaep il 19 'he&g&ﬂi; S sISRE ARMbRN vtk Wi 2 ékiby hhe

third lens group G3, so that various aberrations are ‘conpensate usi ng
t hree pi edess gibup Q%asd ac@nankly, B d’dmentabeg setsitorityocafrthe compondnd dertsbeis

| um nous f.l ux the optical axis is shared vex | ens havin
aspheric alm%"dﬁ"’gf;’c Elcbqas‘%n e %Cé‘@HﬁHgslV r P ‘%entaﬂé %ehﬁre%é AEYISH,
correctio ]

aspheri calrinésag{lrfegagge %%én tﬁﬁgﬁ]fl%igt %@Sﬁé‘iﬁgﬁs %Qgﬁgﬂetn E ;ﬂ?“ggﬁg?ggéssmgf

| enses i n thive pecoafichs=s sn grdetito morb dHawvehseical adenblity eeorpifeieclenas. | enses

are used fB6 he correction, if the optical systemis attenpted to be nore
conpact, (P02 necessary to share the nore power with the second 5 Iens

group,§2, and a‘ing[)ﬁés‘i}%Dé’thBPE égt‘?&%?tz% r%‘?é‘?JrllﬁdthhﬂmteyngSnéf G r‘g%(ﬁ)o

Ienses is inevit y 1 ncreased. Accor

present |mhamsmnmﬂcﬁﬂmfbheﬁﬁgmeﬁmab&ataken by utilizing the adhered three
pi eces of es L5, L6, and L7 using three pieces of lenses in order to
absorb a ﬁ@&ﬁénical assenbling error of the lenses. [0021] 10 It is

desi rabl e t hat @‘{égﬂ%}ofbﬁ‘”ﬁ@} %%?E% é/\/n|30h the second | ens group &

shares satisfies tions.
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 group 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
80 3, the shift i necessary for zooming rate change increases, and deteriorates the

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



[0022] 2.0 <(132t J33w) /(132w. 133t) <2.6 ... 3 132w, Zooming rate of the
second |l ens group at the wide-end. 15 [33w : Zoom ng rate of the third

| ens group at the wide-end. 132t : Zooming rate of the second | ens group
at the tele-end. 133t : Zooming rate of the third I ens group at the

tel e-end. [0023] The conditional equation 3 defines a sharing rate for the
magni fying power 20 ratio of the second lens group G and the third | ens

group G3. réfkacting pohar bﬁﬂlersé‘écﬁldQé&%'g@ &2l MNRhe i l%nggrc)tr?@%ﬁ%g It F&ﬂ !
equation 3, the third lens group relatively share re magni tyi hg
power r at icarry 9ut theatbeimatitre comessiod ityf propérly aliocatisg the tagnifijiag patvento thar i ft
by assenblj.ng the thi | ens group.G3 confiqured.with only one piece, of
.1 ens when ﬂ“{‘ﬂ@nﬁw ?saﬁugg?sgecﬁlwg%é;ap 1f1gn: d’&}l?ti%é Whie e 200 MHBE IS Hg i s
carried ouyhafdgthe third 25 lens group G3, it is undesirable because a
change of a chromatic aberration beconmes unacceptable by protracting the
| ensess [ (OE4] On the ot her hand, when the sharing rate of the magnifying

power by the secgnd |en roup .02 becones | arge beyond the upper limt of
t he condi ti onal Eb%lfa%‘?%?%‘g @?grfiﬁkg Oniie (PreseRbHYERYeT, the ithisd kews ggoupa5a

change i ngpg; : | - )| ' i t ol tois
poss bl ¢ ¢ orRoesa o SELGRCRLH R8s T85p BlpPlot) 40 cDReth o HM3LERTGE |

second | enls: ouagepla crnsed byezddming rhernbaggootineB; marthgt tackaai | fyrth elmpy out
t he aberrat,i o&@correct i.on by properly alloqcating_the magnifying power to

the third s Yrtlsabads wensig esming Fje dhehanghdi t Lbisals cogtigniedvith dhen
(1 2907 BRcakaci s, AAIARE naLO07 B 1 MELARP LOBRPRECKAAG el he
|l ens L8 (aptieabaris requisdd, toangbllepsible ciosmalets shek adtiavfedhnd to make a focusing
mechanism simple. ‘
[0026]
However, if the third lens group G3 is formed with one 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 1.
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 commercially available glass material
are 10 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

80  addition, it is desirable to satisfy the following conditional equation 4.

{0028]



t he i mage pl ane caused by zoom ng rate change done by noving back and forth
along wth the optical axis when the zoomng rate is changed. This is
configured with a 10 piece of |ens as nentioned above, so that it is
practical to shorten the length on the optical axis required to a.

col | apsi bl e zoom | ens when retracted, and to make a focusing nechanism
sinple. [0026] However, if the third lens group G3 is fornmed with one piece
lens, it beconeg ) dipy ﬂMEiSC'?l!'MtO correct the chromatic aberration of
magni fication occurring at tocusing and the curvature of field occurring to
over side. This {3 nFoodlemgth of thethifpilebd gouphat requires to put this
aberration or curvature within a proper range. Accordingly, in one

enbodi ment of tRA¥: Pé%lg?ﬂgthﬁﬂl@ﬁlt"rlﬁ'ﬁ? the original lens L8 in the third | ens
group G3 'i[éo gljonfi gured so as to satisfy the conditional equation 1. 20 ‘
[0027] In ac?'tion, if the conditional equation 1 is not satisfied, and the
Abbe' ssnunber  headditisnsifed ffocal ledpdcofelse diifdf leasghodpOGRWecameh eHERE ity
aberration of pagnification wthin a perm ssible value by protracting the
| ens, par CKeS5AEE AR yaper Hawt ofithe genditions! sguativa 4, eeneuieg distagpe nepsssasyiforar v,

if the conpditi i | S .Lsfi ng, .t Abbe' s..25 nber
becones Ig(?déltgin%tq'ﬁ+rggﬁgg ¥ é*g?}r‘%%ﬁcﬁs‘?iﬁ%&%ésfp%‘@% %ho&teﬁlgﬂgﬁepg ﬁﬁ‘{‘-}?&%@g&g i on.
But in tlhis i asedestiablebdchgsel h dRaqgelofTthE adEkitd B a bt QRMETRE Gh@bisks.

avai | abl eé‘l ass material are to be small, the radius of curvature for the

| ens of t kB thjcontrpynwhen dhpiaseklsnsis bespmies shortry hyaxceesimge llywen hait of

curvatuyre0of  fi tele-end.re kably falls down t.o . t.he,under

o do- 10,° o sodfdhal bonleion 4 o BF OGRS B i, Pl BrtiPulnt B Bt | o
30 addi ti s gréup largdgsind deleiotadesyhé borhadthifts botHeRptind soapdi ti onal equati on
4. [0028] 8 2.2<f3/fw3.0...4 3 : Focal length of the third |Iens group.
fw: Focal093hgth at the tel e-end.

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]
Lo
X= L —+Ah*+Bh*+Ch%+Dh'’
1+\/1— (1+1)%
e

[0033]
In FIG. 3 to FIG. 5, FNo is an F number, and ® is a half field angle. In
addition, a vertical scale of a chart designating 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 4358 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



[0029] 5 In addition, if a focal length of the third |Iens group G3 becones
| onger by exceeding an upper limt of the conditional equation 4, a noving
di stance necessary for focusing increases when the focusing is carried out
with the third Iens group G3, so that this is not desirable because a
change of the aberration in a short distance increases. On the contrary,
when the focal |ength becones shorter by exceeding a lower Iimt of 10 the
condi t i onadesR@uid &l@toﬂtioﬂ ﬁs alh@ighobf fhavekabhed Qﬁsﬁbb%ﬁaltsbélé ifgkes,

partlcularlg the first |ens group |arger, d deteriorates the

conpact nesl®084] t he opti cal systen1 [0030] NDM/ a first exanple and a second

rbodi ment of 8 DR STENG oM sk SROETR G5 o augHess Heah e |

aspher i cal obsabt ke §n F3G.EX n
X-axis is (%bzken in a§%l r g?ﬁ%ﬁ%ﬁﬁ‘%ﬁ%ﬁ%ﬁﬁ%@?%afcé)sbeg@gg‘g{?n :,gr%gf;agés N%hel ght

in a dibr edsiagninderrafi whlactian trélethaptd dad dahne,s dnfl ¥ dasigmates Abbe'stmimibars K, a

radi us of .curpvature is . R urth, sixth, eighth an tenth aspheri cal

surface cféﬁ‘ﬁﬁeﬁﬁgrfg’séapemﬁ BB’”l S RAramgigrs eSllgB%tH&Eﬂ%S@ srical supfape) cogespondy

(1+k) h~ 15 eﬁclf‘of‘ﬂé‘i‘aﬁe@% ﬁ e Jéq%tgi qgo éﬂ%ﬂj g: fnirdpvals P 1@3%}0\% Ao is
field a atidition, a verttc

an F nunber, wis a half scal e of

a chart deBd, gﬂﬁhtﬂhngkhdsspgtmtescaISpahebatwmmmel Brsnlone | gage afd V& b ond dens
e |s of a wavelength of 587.6 nm and a

hori zontal scale is $ f ocus gqnd | i
g line is BPUR(®Epage si"iéfi?atthe S A3aee Menang ghe, s S &? B dpsignatenp sBes®l e of
a chanlp deshOA! iH%se88nd lens group and the third lens group (a space between the lens:

surface §12 and the lens surface 813), 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



astigmatismis a height of an image, a horizontal scale is a focus, L3L S
is a sagittal, M designates an image plane of neridional. Further, a
vertical scale of a chart 9 designating distortion is a height of the

i mge, and a horizontal scale is % [0034] In addition, a surface No. in
FIG6 is the nunber of the lens surfaces fromthe object sidein FIG 2, R
is aradius of curvature, Dis a space between |lens surfaces, Nd 5 is an

i ndex of CLaf&ction relative to the d line, and vd desi gnates Abb&s nunber.
Further, K, A B, C and D as paraneters designating an aspherical surface
correspond to each of paraneters in the equation (1). Sill further, in-
interval s of 1. &f®oyylsupsomprisingsequentialfhaom argeldecsiiees a space bet ween t he
first lens grog nd t he ,second | en r-ou a _space,bet ween | ens
surface 55 aﬁnﬁjzghénﬁ gjotibdjaviig gn ]Ef’faﬁgg ?ﬁf@ﬁ&é pgwgrpgg%%%lg%?wégbq%e second
| ens g e : ARAE e the lens surface S12
and thgﬁﬁg?\lgﬁlglggl?gge Sl%t,k&g%élg?ﬁlgﬂ&%gesi g%g%’%tsc a'sgéce between the third
| ens group amdsethml Fens Eaogphawng etposiivetrhfradtonpspewerf amkb&ng mamtilettoe filter
surface, S 15). 10 AIMS 1, A zoam l,eng copprisi pg sequentially froman .
obj ect B¢ aé}.ecfam pralang with b ORECHARIRFSA the garming 14 iseianged Somea, and
bei ng'%ﬁ%@h&f@&ﬁ% _eﬁ)@%fdorth along with an optical axis when. a zoom ng
rate i s ‘changed; a second | ens group havi.ng a positive refracting power,

and.bei ng novaihird le@s gitvg aljvable Bdckiearal fth wiohp witle thpbpticdl i, ndhen t he
zoom ng rate is, changed, froma wde-end to a tele-end; and a third | ens
group |acpasiive refferting RAYes Wheeikth the optjcal axis, and having a

Do £ B o D R s SRy 00 T s

where at | eaghifs;surface facing to the object side is

one piece of convergent lens where at least a surface facing to the object side is

an aspherical surface; and

_ - an édhered three pieces of lenses,
156
| 2. The zoom lens as cited in claim 1, wherein;

said first lens group includes;
an negative meniscus lens having a complex aspherical surface at an image

plane side; and

20 a convergent lens.

3. The zoom lens as cited in claim 1 or 2, wherein;

said third lens group includes; ‘
one piece of convergent lens héving at least one or more of aspherical surfaces.
4., The zoom lens as cited in claim 3, wherein;
the convergent lens of the third lens group satisfies the following conditions:
n>15and45< v <70, wherein
‘nisad-line refractive index of glass material of the convergent Jens of the third e
30 lens group, and -
v is an Abbe's number of glass material of the convergent lens of the third lens

11



an aspberioal surface; and n adhered three pieces of lenses. 15 2. The zoom
lens as cited in claiml1l, wherein; said first Iens group includes; an
negati ve neni scus | ens having a conpl ex aspherical surface at an inage

pl ane side; and 20 a convergent lens. 3. The zoomlens as cited in claiml
or 2, wherein; said third I ens group includes; one piece of convergent

| ens having at | east one or nore of aspherical surfaces. 25 4. The zoom

| ens as cirhgel in claim3, wherein; the convergent lens of the third |ens
group satisfies the following conditions: ii> 1.5 and 45< v <70, wherein n
Is a d-Jine refractive index of glass material of the convergent |ens of

the third 30 lgens group, and,v is an_ Abbe's nupber of gl ass material of

t he convergent fle nre}ji‘Ps]%Eﬂg“E PRSP wied Witgg"r%?ﬁﬁl. {gg% SIS Z9PHLICRY CHPPHFTAE us
mount ed Wt Reriall %rpﬂg £0ShieSAidk. Zzoom | ens conprising sequentially from an
obj ect si SE; 5 a9 I st Ielgregasgrbup havi ng an negative refracting power, and
bei ng5movabl e tefist leangrdupritaiving| aangguiivevefincting pewdr, and beind envablzdask ng

i bei ngIHGVEBATEOE HEORERLER Shaes EPORGERFIHs SISO | cal axi o when | he
coom N oL SRR A Aol S50 Ry W Rotabig e
the object side along with the optical axis when the zooming rate is changed from a
wide-end to a tele-end; and
10 a thifd 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 jris;
- one piece of convergent lens where at least a surface facing to the object side is
15  an aspherical surface; and

an adhered three pieées of lenses.

6. The imaging apparatus as cited in claim 5, wherein;
said first lens group includes;
20 an negative meniscus lens having a complex aspherical surface at an image
plane side; and

a convergent lens.

7. The imaging apparatus as cited in claim 5 or 6, wherein;
25 said third lens group includes;

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

8. The nnagmg apparatus as cited in claim 7, wherein;
the convergent lens of the third lens group satisfies the following conditions:
30 n>15and45< v <70, wherein

n is a d-line refractive index of glass material of the convergent lens of the third

12



having a positive refracting power, wherein; said second | ens group

i ncl udes sequentially fromthe object side; an iris; one piece of
convergent |lens where at |east a surface facing to the object side is 15
an aspherical surface; and an adhered three pieces of |enses. 6. The

i magi ng apparatus as cited in claim5, wherein; said first |ens group

i ncl udes; 20 an negative neniscus | ens having a conpl ex aspherical surface
at an in@gﬁ side; and a convergent lens. 7. The imagi ng apparatus as
cited inc §?ﬁ¥§@§§ 6, wherein; 25 said third I ens group includes; one

pi ece of convewvgeat Abbe's nhabengf glhsd ratstialosfethe comergend fend wpliey thédllens
surfaces. 8. The imaging apparatus as cited in claim7, wherein; the
conver ge#t®Pens of the third I ens group satisfies the follow ng conditions:
30 n> 1.5 and 45 < v <70, wherein.nis a d.line refractive index of glass
material of the convergent lens of the third 12 lens group, and v is an
Abbe' s nuibgy ihgigk apsarift gicuatedafith Heodrotene ngdefindddnanybne die third | ens
group. 9. An inmmging apparatus nmounted with a zoomlens as defined in any
one of cl a¢laignsil t00484. 13
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