ZOOM LENS AND | MAG NG DEVI CE BACKGROUND OF THE I NVENTION Field of the

| nvention The present invention relates to an inexpensive, small zoom | ens
having a zoomratio on the order of three, and an inmaging device provided
with the zoomlens. Description of the Related Art Digital still caneras,

i.e., imaging devices provided wth a solid-state inmage sensor, have cone
into wide use in recent years. The w de spread of digital st|II caneras is

acconpani ed by demand for the further inprovement of picture quality.
Digital still cameras pr@dCdedENS AND JHMAE NG &F¢/IGEmge sensor having a

| arge nunber of picture elenents need a photographic lens, particularly, a
zoom | ens, having an excellent focusing ability suitable for use in
conbination with the soljd-state sor_having a | arge nunber of

picture elenments. There ﬁ%gKﬁggﬁNétQ%naﬁ@eEﬁﬂﬂN?B?Nthe m ni aturization

and const reduc | g ﬁ%sefﬂ and t he devel opment of in- expensive, small
hi gh- per f or manc L5097t e DHHR | ens haV|ng a focusing ablllty
suitable' for conblnathp wi th.a.solid-sate_inage._sensor g;lng a
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first lens group, a ve secon roa osrtrie | ens
group ar r%98%!;“dé@%eoﬁgﬂri&é&%i@ﬁ QHée%omSiQﬁst. oward the image side. 1

Description of the Related Art

Digital stili cameras, 1.e., imaging devices provided
with a sclid-state image sensor, have come into wide use in
recent years. The wide spread of digital still cameras is
accompanied by demand for the further improvement of picture
guality. Digital still cameras provided with a solid-state
image sensor having a lérge number of picture elements need a
photographic lens, particularly, a zoom lens, having an
excellent focusing ability suitable for use in combination with
the solid-state image sensor having a large number of picture
elements. There has been strong demand for theminiaturization
and const reduction of lenses, and the development of in-
expensive, small, high-performance zoom lenses.

A zoom lens having a focusing ability suitable for use
in combination with a solid-sate image sensor having a large
number of picture elements is disclosed in JP-A No. 2002-350726.
This known zoom lens is a three-lens-group zoom lens having a
negative first lens group, a positive second lens group and a
positive third lens group arranged in that order from the object

side toward the image side.



Such a zoomlens is long as conpared with its focal length and the |lens
groups are not satisfactorily mniaturized. Therefore, this |ens cannot be
coll apsed in a satisfactorily snmall size. Since the interval between the
first lens group and the second lens group is not optimzed, there is a
difficulty in formng the zoomlens in a short |ength, and the second | ens
group is inevitably | arge because an aperture stop is disposed between the
| enses of the second |l ens group. The | arge second |ens group nakes

col I apsi ng t he 2wodmel zoenilens sealdngpzeconpdfedyith Mo dorarl, lengtl
difficult to reduce the cost of this zoomlens. SUMVARY OF THE | NVENTI ON
The preseandi Byeni¢nd dreupecarandeti paviehprotosity nprbdFenrszed- t he prior
art zoomlens and it is therefore an object of the present invention to
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between the lenses of the second lens group. The large second
lens group makes collapsing the zoom lens in a small size

difficult. Moreover, it isdifficult to reduce the cost of this

zoom lens.

SUMMARY OF THE INVENTION

The present invention has been made in view of such
problems in the prior art zoom lens and it is therefore an object
of the present invention to provide a zoom lens not having the
foregoing problems.

Another object of the present invention is to provide an
imaging device provided with the zoom lens according to the
present invention.

According to the present invention, a zoom lens having
an optical axis includes: a negative first lens group capable
of being moved for zooming and disposed at the front end; a
positive second lens group capable of being moved for zooming,
and disposed behind the first lens group; and a positive third
lens group disposed behind the second lens group; wherein the

zoom lens meets conditions expressed by inequalities:



0.02 < D12/fw<0.13 .......... (1) 0.5< D2@fw<0.95 .......... (2)
5 < TLWfw< 8 .......... (3) where D12 is a mninmum di stance on the
optical axis between the back surface of the first | ens group and the front
surface of the second | ens group, D2G is the distance between the front
and the back surface of the second |l ens group, TLWis the optical Iength
of the zoomlens as set in the shortest focal length, and fwis the
shortest focal length. According to the present invention, an inaging
devi ce incl udes. Ghe Zuich fvens Gclcbrding to the present. i nventlilon, and an
i mge sensor capable of converting an optical imge fornmed by the zoon
l ens into corrdsporditrFAiect r@ PXignal s. | nequal ity {-1)- defi #s t he
interval between the first and the second |ens group, Inequality (2)
defines the total< |BitF¥ of8 the second | ens group,-and 1nequetlity (3)
defines the optical Iength of the zoomlens. The zoom | ens according to
the presefers Rigntfoh HadWBhPast2B6RIH FEE SR SR8 G HESHHRG Akl ®r ed at
a low cost. The present_invention [s effective jn_inprovin tgg f ocusi ng
2bi 11ty OPAEK AT T ienG 152 obRRF 1T O 1A1che NERRGEN Fof UERBEOE hr ee,
in mniaturizin t%izoomlens %I_i.n reduci,n t he. cost of the_zoom | ens.
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length of the zoom lens as set in the shortest focal length,
and fw is the shortest focal length.
According to the present invention, an imaging device
includes the zoom lens according to the present invention, and
an image sensor capable of converting an optical image formed
by the zoon lens into corresponding electric signals.
Ineqguality (1) defines the interval between the first and
the second lens group, Inequality (2) defines the total length
of the second lens group, and Inequality (3} defines the optical
length of the zoom lens. The zoom lens according to the present
invention has compact construction and can be manufactured at
a low cost.
The present invention is effective in improving the
focusing ability of a zoom lens having a zoom ratio in the range

of two to three, in miniaturizing the zoom lens and in reducing

the cost of the zoom lens.

BRIEF DESCRIPTION OF THE DRAWINGS
The above and other objects, features and advantages of

the present invention will become more apparent from the



foll ow ng description taken in connection with the acconpanying draw ngs;
in which: Fig. 1 is a typical sectional view of a zoomlens in a first
enbodi ment according to the present invention; Fig. 2 is a diagram show ng
aberrations caused by the zoom |ens shown in Fig. 1 set in the shortest
focal length; Fig. 3 is a diagram show ng aberrations caused by the zoom

|l ens shown in Fig. 1 set in a mddle focal |ength; Fig. 4 is a diagram
showi ng aberrations caused by the zoom |lens showmn in Fig. 1 set in the

| ongest f 6edlovengdesFiptinn saken ypi eenneecidwprathvilmaeecrmpanyimntiens in
a second enbodi nent according to the present invention; Fig. 6 is a

di agr am s#baNARIEbeiRa¥hdAB: caused by the zoom |ens shown in Fig. 5 set in

the shortest focal length; Fig. 7 is a diagram show ng aberrati ons caused

by the zoom | eI shbwks i WF@LC@— sS@cCtiJf?na'i iVdd"e AoaPoPBngERS FPg2 8 is a
dlagran1s£omnng ggerratlons cau g the zoom | ens shogn in Fig. 5 set in
the | ongeStTFbcEMPPELGERT BFGOT lpg °t§B?CBFe§@EF|6ﬂ§?n 8% of a zoom | ens

ina third enbﬁ nt ac ordln i nvention 10 is a
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in the |ongest eng typrc section & of a zoom
lens in ajens shown in Fig. 1 set in a middle focal length;

Fig. 4 is a diagram showing aberrations caused by the zoom
lens shown in Fig. 1 set in the longest focal length;

Fig. 5 is a typical sectional view of a zoom lens in a
second embodiment according to the present invention:;

Fig. 6 is a diagram showing aberrations caused by the zoom
lens shown in Fig. 5 set in the shortest focal length:

'Fig. 7 is a diagram showing aberrations caused by the zoom
lens shown in Fig. 5 set in a middle focal length:

Fig. 8 is a diagram showing aberrations caused by the zoom
lens shown in Fig. 5 set in the longest focal length;

Fig. 9 1s a typical sectional view of a zoom lens in a
third embodiment according to the present invention;

Fig. 10 is a diagram showing aberrations caused by the
zoom lens shown in Fig. 2 set in the shortest focal length;

Fig. 11 is a diagram showing aberrations caused by the
zoom lens shown in Fig. 9 set in a middle focal length;

Fig. 12 is a diagram showing aberrations caused by the
zoom lens shown in Fig. 9 set in the longest focal length;

Fig. 13 is a typical sectional view of a zoom lens in a



4 fourth enbodi nent according to the present invention;, Fig. 14 is a

di agram showi ng aberrations caused by the zoomlens shown in Fig. 13 set
in the shortest focal length; Fig. 15 is a diagram show ng aberrations
caused by the zoomlens shown in Fig. 13 set in a mddle focal |ength; and
Fig. 16 is a diagram show ng aberrations caused by the zoomlens shown in
Fig. 13 set in the longest focal |ength. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS A zoom | ens according to the present invention will be

descri bedfemthhrefepadiment caftgrding The Zhenpremenhatneemiey@ti ve first

| ens group GRI, a positive second lens group GR2 and a third |ens group
GR3 arranged i FFihatlbriderd Figaram ebowendspierraghand gauFRdgeYstle. The
first lens group GRL and the second |ens group GR2 are _noved. for zoom ng.
The zoom Fedd heds sshewmdin il ddrsedsdd g\}‘ef shroheay fReabal PRPBR! 0.02 <
D12/fw< 0.13 ..,... ... . (1., 0.5 <G fw<.0.95 ........... ( 5 <
TLWfw < 8 ... F19. 15 d5 a Wekram shovind.PhefimtdPetahedssh ﬂiet}a%u cal
axi s between the back end surface . of the first lens_group,CGR , and_the front
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DESCRIPTION OF THE PREFERRED EMBODIMENTS
A zoom lens according to the present invention will be
described with reference to Fig. 1. The zoom lens has a negative
first lens group GR1l, a positive second lens group GRZ and a
third lens group GR3 arranged in that order from an object side
toward an image side.. The first lens group GR1 and the second
lens group GR2 are moved for zooming. The zoom lens meets

conditions expressed by following inegualities:

0.02 < Di2/fw < 0.13 e e e (1)
0.5 < D2G/fw < 0.95 e (2)
5 < TLW/fw < 8 e (3)

Where D12 is a minimum distance on the optical axis between the
back end surface of the first lens group GR1 and the front end
surface of the second lens group GR2, D2G is the distance between
the front and the back surface of the second lens group GRZ,
TLW is the optical length of the zoom lens as set in the shortest
focal length, and fw is the shortest focal length.
Preferably, the zoom lens includes at least one plastic

lens. The plastic lens reduces the weight of the zoom lens and



5 a plastic lens having an aspheric surface for aberration correction is
easier to formthan an equivalent glass lens. The first lens group GRlL of
the zoomlens consists of three |lenses, nanely, a first single lens GL
having a negative refracting power, a second single lens & having a
negative refracting power and fornmed of a plastic material, and a third
single lens G3 having a positive refracting power. Preferably, at |east
one of the surfaces of the second single lens & is aspheric. A shading
menber, natpkaswhe lensdisposed detasenethe ssefame fensaleoopt@R2 and the
third Iens group GR3 to reduce the intensity of |light reaching an inage
sensor | M®»wheéteitvhelsi aageesensofotVE hanadan apdi agkeBt ghb#Ss PRefer abl v,
the zoom lens neets a condition expressed by: 0.5 < D23/fw < 1.1
.......... (4) Thgdiasprns grhepshvl pésthalrepBricnHepRELAtEIRE BAER®sur f ace
of the second lens group GR2 and the_front surface of the third |ens
group GR3lenp@sfwhpBelle ahbirektsingaf LengthloravHedz3oReIrkHES
Desirably, the shading nenber is a _vari able-transn ttance shade, device
capabl e oFShBPGELNAGPENET | At BRSPRY BENPLGh{CREaEAI RFVLRE # nBHRAELRSor .
Condi tions expressed by the faregoing_.inequalities will, be exp|ained.
| nequal i t§e%§$CHé?9r%%“¥?%€qdn$8Faﬁfi ‘?ﬁf Bgf"\%éﬁ m?h%r%?}Stachﬁng}B p GRL
and the second l.ens up .GR2. Aléﬁpu h_Lt. ls.desirahle g t he
i nterval Pi39 8t1\ﬁé’_esng{5 ikt P95 slV%rléﬁ%r?fgl%%é)otwﬁé:'se%’g%%g %ﬁgy(gr oup
GR2 as fagtafeggéségéeof the surfaces of the second single lens G2 is
aspheric.
A shading member, not shown, is disposed between the
second lens group GR2 and the third lens group GR3 to reduce
the intensity of light reaching an image sensor IMG while the
image sensor IMG reads an image signal. Preferably, the zoom
lens meets a condition expressed by:
0.5 < D23/fw < 1.1  iieeeeea.. (4)
Where D23 is the shortest distance between the back surface of
the second lens group GR2 and the front surface of the third
lens group GR3, and fw is the shortest focal length of the zoom
lens. Desirably, the shading member is a vari-
able-transmittance shade device capable of adjusting the
intensity of light reaching the image sensor.
Conditions expressed by the foregoing inequalities will
be explained. Inequality (1) defines the interval D12 between
the first lens group GR1 and the second lens group GR2. Although
it is desirable to reduce the interval D12 between the first

lens group GR1 and the second lens group GR2 as far as possible

to reduce the overall optical length of the zoom lens, the first



to reduce the overall optical length of the zoomlens, the first 6 |ens
group GRI and the second lens group GR2 physically interfere with each
other if the value of D12/fw is not greater than 0. 02, nanely, the |ower
limt. It is difficult to advance the principal point of the second |ens
group GR2 and to reduce the overall optical length of the zoomlens if the
value of D12 /f w is greater than 0.13, nanely, the upper limt. The
overall optical length of the zoom|ens can be reduced when Inequality

(1) is sales$igdoupr@Rerandyihe hecoppérlénsi growp | GRYuRhysycallly is 0.06
instead of 0.13 to miniaturize the front |ens roug, namely, the first

| ens groupnoRtferaedudl eegh(heefifhebet el ew @faPL2l Evigith net greakeEond

| ens groug GR2. Although it is _desirable to formeach of the | ens groups
GRl, GrR2 BhanERPImnemelyedshe govsimpl &nihi cikifeds dibitastie & ASVERATt h of
the collapsed zoomlens, it is difficult, to correct_spherjcal aherration
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(1) is 0.06 instead of 0.13 tominiaturize the front lens group,
namely, the first lens group GRI.

Ineqguality (2) defines the overall length of the second
lens group GR2. Although it is desirable to form each of the
lens groups GR1, GR2 and GR3 in the least possible thickness
to reduce the length of the collapsed zoom lens, it is difficult
to correct spherical aberration and a peripheral coma caused
by the second lens group GR2, the performance of the zoom lens
is deteriorated significantly, and the zoom lens needs to be
assembled very accurately if the value of D2G/fw is smaller than
0.5, namely, the lower 1imit. The thickness of the second lens
group GR2 is big and the zoom lens cannot be compactly collapsed
if the value of D2G/fw is greater than 0.95, namely, the upper
limit. When the zoom lens satisfies Inequality (2), aber-
rations can be satisfactorily corrected, the assembling
accuracy of the zoom lens can be improved and the zoom lens is
compact.

Inequality (3) defines the overall optical length of the

zoom lens. It is difficult to correct spherical aberration and



Inequality (3) defines the overall optical length of the zoomlens. It is
difficult to correct spherical aberration and 7 a peripheral coma caused by
the zoomlens the performance of the zoomlens is deteriorated
significantly and the zoom|ens needs to be assenbled very accurately if
the value of TLWfw is smaller than 5, nanely, the lower limt. The
overall length of the zoomlens increases, the nunber of |ens barrels
needs to be increased to collapse the zoom | ens conpactly, the outernopst

| ens barr &l PhasPhetral geomik spted kihdheheorsorehnenshecaandorpancenpéct |y
col | apsed when the nunber of the lens barrel is small if the value of
TLWfw i stEPea®@r ko 18, dparsigratpd siuppbficantiy amdrihenh&opsoheneéns
satisfies Inequality (3), aberrations can he satisfactorily corrected, the

assenbl i nfeedectP ey DFISIMLIDORTERCTHR U Y dfr SP6d vardet RE THBAYens is

conpact. |l nequaljt 4 efines the interval D23 between th econd | ens
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is small if the value of TLW/fw is greater than 8, namely, the
upper limit. When the zoom lens satisfies Inequality (3),
aberrations can be satisfactoriiy corrected, the assembling
accuracy of the zoom lens can be improved and the zoom lens is
compact.
Inequality (4) defines the interval D23 between the
second lens group GR2 and the third lens group GR3 to interpose
a shading member between the second lens group GR2 and the third
lens group GR3 to reduce the intensity of light reaching the
image sensor IMG while the image sensor IMG reads an image signal.
It is difficult to interpose the shading member between the
second lens group GR2 and the third lens group GR3 if the value
of D23/fw is smaller than 0.5, namely, the lower limit. The
overall length cf the zoom lens increase and it is difficult
to miniaturize the zoom lens if the value of D23/fw is greater
than 1.1, namely, the upper limit. The shading member can be
disposed between the second lens group GR2 and the third lens
group GR3 and the zoom lens is compact when the zocm lens

satisfies Inegquality (4).



di sposed between the second lens group GR2 and the third lens group GR3
and the zoomlens is conpact when the zoomlens satisfies Inequality (4).
8 First Enmbodinent A zoomlens in a first enbodi nent according to the
present invention shown in Fig. 1 has a negative first lens group GR1, a
positive second |lens group GR2 and a third lens group GR3 arranged in that
order froman object side toward an inage side. The first |lens group GRL
i ncludes a negative first single lens @A having a surface having a | arge
curvature and concsveEnmwhimtenit he | mage side, a negative second | ens &
havi ng opposite aspheric surfaces and forned of a plastic material, and a
positive thirdAepsm@xnihs sddond srredigrentp aCRRrdagdude$he PPosertve
single lens 4 fornmed of a plastic material, and a conpound lens G5/ G5 f
ornmed by bevenhyor cgetiednaFpasit ihgs si rﬁa@@@tw@rfsll@: dedsagregat ks singl e
|l ens G6. The third I ens group GR3 includes positive single | ens G7

havi ng op@o@?%btbg%h%?$%ndsh@@%c%%@%ﬁmﬁ3%r%%@ dftBipt 2585 FP® i &3 Fi gs.
2A, 2B and 2C shom/sgherlcal aberrati on, asthgnatlsn1and di storti on,

respect | vVRF2NERASEUC YT AFEIFobRP™I NP ROFHE- 45 Fé’t‘“’aéﬁb%rallﬁéﬁte 38t n the
5ot 6 00, A8 08008, 2SRRGB BRTHLA v
A e 118 8 00 S o b g, o0 S
caused bytﬁgelﬁ88g1£f§g,lg ﬁ@&aélééséeSSQSdiQRQtez having opposite
aspheric surfaces and formed of a plastic material, and a
positive third lens G3. The second lens group GRZ includes a
positive single lens G4 formed of a plastic material, and a
compound lens G5/G6 formed by bonding together a positive single
lens G5 and a negative single lens G6. The third lens group
GR3 includes a positive single lens G7 having opposite aspheric
surfaces and formed of a plastic material.
Figs. 22, 2B and 2C show spherical aberration,
astigmatism and distortion, respectively, caused by the zoom
lens in the first embodiment set in the shortest focal length.
Figs. 3A, 3B and 3C show spherical aberration, astigmatism and
distortion, respectively, caused by the zoom lens in the first
embodiment set in a middle shortest focal length. Figs. 4A,
4B and 4C show spherical aberration, astigmatismand distortion,
respectively, caused by the zoom lens in the first embodiment
set in the longest focal length. In Figs. 2A, 3A and 4A, the
ratio of spherical aberration to F-number is measured on the
vertical axis, deviation from an accurate focus is measured on

the horizontal axis, and a continuous line, a broken line and



set in the |longest focal length. In Figs. 2A, 3A and 4A, the ratio of
spherical aberration to F-nunber is neasured on the vertical axis,
deviation froman accurate focus is neasured on the horizontal axis, and a -
continuous line, a broken line and 9 a chain line are for the DIline, the C
line and the Gline, respectively. In Figs. 2B, 3B and 4B, inmage height is
nmeasured on the vertical axis, focus is neasured on the horizontal axis,

a continuous line indicates a sagittal inmage surface, and a broken line

i ndi cat es2achetndibpal arenfge tiefBckingn HhgsC bime awlanlge 4€ linage

hei ght is nmeasured on the vertical axis, and  distortjon percentage is
measur ed BRSPRECHBR{Yont'dt FagPs. 2RalifeandHondmadp ot he S, BeAFRERS in t he
first em bodinent. 10_Tab) e % Dat a, on Zoom Lens FNo .=2.85-3.71, - 5.17
f=5. 25- 8. BA-UF BT THE3S B89 TOPNFL G MG RYTRGE ORG HDRBFG zontal axis,
1:620.4530.550%.696805?.500.2:5.5000.847 3:€t2 1, (ASP) 1. 0001. 5247056. 236
4:5.835 (ASPY1CHBBO8S glb84 1138657 80%1833230bC &1 K163 191EBACEr 423907 -

broken line indicates a meridional image surface. In Figs. 2C,

3C and 4C, image height is measured on the vertical axis, and

distortion percentage is measured on the horizontal axis.
Table 1 shows data on the zoom lens in the first em-

bodiment.
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0.500 7:5.967 (ASP)2.2481.5247056.236 8:-14.376 (ASP)0. 200

9:5.5541.4871. 8340037. 300 10:-15.3380, 5001. 7847225. 700 11:3.1834.241 -
8.031- 14.427 12:12.692 (ASP)1.9831.5247056. 236 13:-15.994 (ASP) 1. 100

14: 1 NFI NI TYO. 7001. 4452427. 700 15: 1 NFI NI TYO. 600

16: 1 NFI NI TYO. 5001. 5688356. 000 17: I NFI NI TY Surface No. KAMMAGASAl

310. 103034E- 02- 0. 788083E- 040. 696294E- 05-0. 147155E- 06 41-0.417851

E- 03- 0. 968635E- 040. 815844E- 05- 0. 241075E- 06

71-0. 917554E- 030. 615719E- 06- 0. 755999=@b#sd. 912229E- 06

81-0. 376849E- 040. 168281 E-04-0. 868074E- 050. 120926E- 05 121-0.901211

E- 030. 1132ate on doom LEmR51 E- 050. 190649E- 06

131-0. 432058E- 030. 666450E- 04- 0. 444144E- 050. 103362E-06 In Table 1, FNo.
denot es FENGNB&8S f 3ddmo®-d€ focal Iength, c¢) denotes half field angle, R
denot es radi ;1235{ oé curﬁé re, D denotes distance between | ens surfaces, ND
denotes r ’fls 1 @4 T g for the DIline, and vd denotes Abbe' s nunber.
Surfaces 11 s353-2057-12.42

Surface No. R D ND vd

1: 620.453 0.550 1.69680 55.500

2. 5,500 0.847

3 9.271 (ASP) 1.000 152470 56.236

4: 5,835 (ASP) 1,000

5: 8.224 1.368 1.80610 33.300

10.681-4.290 -

6: 26.403 0.500

7 5.967 (ASP) 2.248 1.52470 56.236

8: -14.376 (ASP) 0.200

2} 5.554 1.487 1.83400 37.300

10: -15.338 0.500 1.78472 25.700

4241-8.031-

11: 3.183 14,427

12, 12.692 (ASP) 1.983 1.52470 56.236

13: -15.994 (ASP) 1.100

14 INFINITY 0.700 1.44524 27.700

15: INFINITY 0.600

16: INFINITY 0.500 1.56883 56.000

17 INFINITY

Surface No. | x A A8 A8 A0

3 1 0.103034E-02 | -0.788083E-04 | 0.696294E-05 | -0.147155E-06
4 1 0.417851E-03 | -0.968635E-04 | 0.815844E-05 | -0.241075E-08
7 1 -0.917554E-03 | 0.615719E-06 | -0.755999E-05 | 0.912229E-06
8 1 -0.376849E-04 | 0.168281E-04 | -0.868074E-05 | 0.120926E-05
12 1 -09801211E-03 | 0.113451E-03 | -0.778351E-05 | 0.190649E-06
13 1 -0.432058E-03 | 0.666450E-04 | -0.444144E-05 | 0.103362E-06

In Table 1, FNo. denctes F-number, £ denotes focal length,

® denotes half field angle, R denotes radius of curvature, D

denotes distance between lens surfaces, ND denotes refractive

index for the D line, and vd denotes Abbe’ s number. Surfaces

11



with "(ASP) " are aspheric surfaces. The shape of the aspheric surface is
expressed by Expression (1). z z X=y ¢ +ZA Y 1+ 1-ky2 c2 \Were:
......... (1) X: Distance fromthe apex of the |l ens surface on the optical
axis Y: Height in a plane perpendicular to the optical axis C: Paraxial
-curvature Ai: Aspherical coefficient of i-degree Second Enbodinent Fig. 5
shows the construction of a zoomlens in a second enbodinent according to
the present invention. Referring to Fig. 5 the zoomlens has a negative
first |engighoUPIERL, age posherve sufomes en@hgr@m@pwf ahe aspestifve
third lens group GR3 arranged in that order froman object side toward an
i mge sigerfgpe ifrexrrepscqgruptoRresntPudes) a negative first single

| ens Gl having a surface haV|ng a Iarge curvature and concave toward the

| mage side, a negatlve’second havi ng opposite aspherjgc, surfaces
and forned of a pI % 1%k Z§i62la and a positive thitd 1ehs . The second
| ens group GR2 |n utles conpound lens &4 /G forned by bondi ng together

a posit|v§ S|ngle |l ens G4 and a negative single lens G5, and a positive
single Der ®6 havi ng opposite aspheric surfaces and forned of a plastic

material. The thirg; Lens grou, G 1 el ydes hdoPlid VSurtace on the

optical axis

Y: Height in a plane perpendicular to the optical axis

C: Paraxial curvatufe

A': Aspherical coefficient of i—degfee

Second Embodiment

Fig. 5 shows the construction of a zoom lens in a second
embodiment according to the present invention. Referring to
Fig. 5, the zoom lens has a negative first lens group GR1, a
positive second lens group GR2 and a positive third lens group
GR3 arranged in that order from an object side toward an image
side. The first lens group GR1 includes a negative first single
lens Gl having a surface having a large curvature and concave
toward the image side, a negative second lens G2 having opposite
aspheric surfaces and formed of a plastic material, and a
positive third lens G3. The second lens group GR2 includes a
compound lens G4/G5 formed by bonding together a positive single
lens G4 and a negative single lens G5, and a positive single
lens G6 having opposite aspheric surfaces and formed of a
plastic material. The third lens group GR3 includes a positive
single lens G7 having opposite aspheric surfaces and formed of

a plastic material. The use of the positive single lens G6

12



single Il ens G/ having opposite aspheric surfaces and forned of a plastic
material. The use of the positive single lens G6 12 having opposite
aspheric surfaces and forned of a plastic material as a |lens nearest to
the i mage plane provides a margin for the accuracy of the aspheric
surfaces. Figs. 6A, 6B and 6C show spherical aberration, astigmatism and
distortion, respectively, caused by the zoom l|ens in the second enbodi nent
set in the shortest focal length. Figs. 7A, 7B and 7C show spheri cal

aberr at i omavasg i gope s Ste amsbhelr st osu i Drces espiciomedyd , oCausphdyic he zoom
lens in the second enbodinment set in a mddle shortest focal |ength. Figs.
8A, 8B amt8Cizha® sprans calaraisér tattlon image phane Smoatidiad st Tyon,
respectively, caused by the zoomlens in the second enbodi nrent set in the
| ongest fBenl thengepuraey MHsthemsyienkd SN Ta¢RS- ratio of spherical
aberration to F-nunber is nmeasured on the vertical axis, deviation froman
accurate focus Tx%redhn B cind thfe AW omeicad & earrﬁf%‘-%ntl nuous | i ne,
a broken line and, a chain line are for the D Iline, the C i pe and the G
line, re3petenqkisn ana Ifjrlg%to%tlg-onﬁBrm%lege ﬁ&S&ﬁt bi‘/s RBa%e?®d on

i me.tnai £ared hha riaand BRROR tet ks na’s HTOKGH PPRE haPdeRes B

di fa F G and gh d
on the vaTt¥Eal i e SAnd ArerOfenoR paf & a“rargaé'ﬁl.osnrﬁgﬁa% W oo
hori zont a lélébfuo;[a%%p%&q%ﬂa&gugedwtﬁg%éﬂan N; 4 B eSE6088a

enbodi nen
embodiment set in a middle shortest focal length. Figs. 8A,

8B and 8C show spherical aberration, astigmatism and distortion,
respectively, caused by the zoom lens in the second embodiment
set in the longest focal length. In Figs. 6A, 7A and 8A, the
ratio of spherical aberration to F-number is measured on the
vertical axis, deviation from an accurate focus is measured on
the horizontal axis, and a continuous line, a broken line and
a chain line are for the D line, the C line and the G line,
respectively. In Figs. 6B, 7B and 8B, image height is measured
on the vertical axis, focus is measured on the horizontal axis,
a continuous line indicates a sagittal image surface, and a
broken line indicates a meridional image surface. In Figs. 6C,
7C and 8C, image height is measured on the vertical axis, and
distortion percentage is measured on the horizontal axis.
Table 2 shows data on the zoom lens in the second

embodiment.
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13 Table 2 Data on Zoom Lens FNo.=2.85-3.71 - 5.17 f=5.25-8.82-14.86
= 33.55 - 20.39 - 12.28 Surface No. RDNDvd 1:14.7730.5501. 7291654. 700
2:4.6891.900 3:17.228 (ASP)1.0001.5247056.236 4:9.178 (ASP)0. 554
5:7.9571. 4391. 8466623. 800 6:12.47610. 010-4.074- 0.526

7:4.3292.2481. 7291654. 700 8:-5. 7370.5001. 6727032. 300 9:5.2660. 500 10: 4.500
(ASP) 1. 1001. 5247056. 236 11:5.951 (ASP)3.397 - 6.712 - 12.319 12:-24.533
ASP2. 0001. 5247056. 236 13:-6.401 (ASP)1.300 14:1NFI NI TYO. 7001. 5168064. 200

co

15: I NFI NI TYO. 600 16: 1 NFI NI TYO. 5001. 26. 000
Data on Zoom Lens
FNo.=2.85-3.71-5.17
f=5.25-8.82-14.86
o= 33.55-20.39-12.28
Surface No. R D ND vd
1 14,773 0.550 1.72916 54.700
2: 4,689 1.900
3: 17.228 (ASP) 1.000 1.52470 56.236
4: 9.178 (ASP) 0.554
5: 7.957 1.439 1.84666 23.800
) 10.010-4.074 -
6: 12.476 0.508
7 4,329 2.248 1.72916 54.700
8: -5.737 0.500 1.67270 32.300
9. 5.266 0.500
10: 4,500 (ASP) 1.100 1.52470 56.236
) 3.397 -6.712 -
11: 5.951 (ASP) 12,319
12 -24.533 (ASP) 2.000 1.52470 56.236
13: -8.401 (ASP) 1.300
14 INFINITY 0.700 1.51680 64.200
15: INFINITY 0.600
16. INFINITY 0.500 1.56883 56.000
17: INFINITY
Surface No. X A4 AB A8 A0
-3 1 -0,493097E-03 | 0.308542E-04 | -0.203091E-05 | 0.480038E-07
4 1 -0.100405E-02 | 0.498204E-05 | -0.970592E-06 | -0.250497E-07
10 1 -0.501639E-02 | -0.981536E-03 | -0.400770E-04 | -0.124102E-04
11 1 0.861527E-03 | -0.675163E-03 | -0.798500E-04 | 0.940314E-05
12 1 -0.163206E-02 | -0.237511E-04 | 0.441858E-05 | -0.199791E-06
13 1 -0.114059E-03 | -0.852311E-04 | 0.828581E-05 | -0.254497E-06

In Table 2, FNo. denotes F-number, £ denotes focal length,

® denotes half field angle, R denotes radius of curvature, D

denotes distance between lens surfaces, ND denotes refractive

index for the D line, and vd denctes Abbe’ s number.
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17: INFINITY Surface No.xA4A6A8A1 31-0.493997E-030. 308542E- 04- 0. 203091
E- 050. 480038E- 07 41-0. 100405E- 020. 496204E- 05- 0. 970592E- 06- 0. 250497E- 07
101- 0. 501639E- 02- 0. 981536E- 03- 0. 400770E- 04- 0. 124102E- 04
1110. 861527E- 03- 0. 675163E- 03- 0. 798500E- 040. 940314E- 05
121- 0. 163206E- 02- 0. 237511 E- 040. 441858E- 05- 0. 199791 E- 06
131-0. 114059E- 03- 0. 852311 E- 040. 828581 E- 05-0. 254497E-06 In Table 2, FNo.
denotes F-nunber, f denotes focal length, co denotes half field angle R
denot es r4¥dtls GFSRUT vaeurepPherigetiot & st dheeshepoedn thengsglygrbees, ND
denotes refractive index for the_D line, and Vd denotes Abbe' s number .
Surfaces F4FHRER i%AEF?Ee%F%dagbhﬁﬁPéeE%%@%cé% The shape of the aspheric
surface i s expressed reSS|on (1). Third Enbodi nent Fig. 9 shows the
construction of?® %?5%0@%?% FE a thlrd embodi ment according to the present
i nvention. Refe%rlnq% 9§)Fi% , oom | ens has a g] ati,ve f#rst | ens
group GR1, a p ¥ tivEECo HQIEHES FBE 1RO hY 2P Phgictitvd™ fi Fiit F%ns
group ?g geﬁ én tP t order romé%%n_b|ectn%|de t opa rd annl
side. The® ?s é %?% RRCY it udEsS ne&gtlve st ﬁgF% 9 ns 61
havi ng a fage i curyv d a |

9 %Eé §e fRyi p %DSI n@r{@%} ad!’a %‘éfa%l % £9943¢ K%Pe Q%‘Hg LRe

side, a negafive seco ens havi Opposi ree éurfaces

and 1 ormedogf ¢ 8Bl A8ld,6y MRS obup @08 APASY 6é @1%@'6}9. agle LegspG3. The

second | ens group I ncl ud positive s ens avrn opposite
aspheric Gr3 arranged in that order from an object side toward an image

side. The first lens group GR1 includes a negative first single
lens Gl having a surface having a large curvature and concave
toward the image side, a negative second single lens G2 having
opposite aspheric surfaces and formed of a plastic material,
and a positive third single lens G3. The second lens group GR2
includes a positive single lens G4 having opposite aspheric
surfaces and formed of a plastic material, and a compound lens
G5/G6 formed by bonding together a positive single lens G5 and
a negative single lens G6. The third lens group GR3 includes
a positive single lens G7 having an aspheric surface facing the
object side.

Figs. 10A, 10B and 10C show spherical aberration,
astigmatism and distortion, respectively, caused by the zoom
lens in the third embodiment set in the shortest focal length.
Figs. 11A, 11B and 11C show spherical aberration, astigmatism
and distortion, respectively, caused by the zoom lens in the
third embodiment set in a middle shortest focal length. Figs.
127, 12B and 12C show spherical aberration, astigmatism and

distortion, respectively, caused by the zoom lens in the third
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surfaces and fornmed of a plastic material, and a conpound | ens G5/ G5
formed by bondi ng together a positive single lens G5 and a negative single
| ens G6. The third lens group GR3 includes a positive single lens G/
havi ng an aspheric surface facing the object side. Figs. 10A, 10B and 10C
show spherical aberration, astignmatismand distortion, respectively,
caused by the zoom lens in the third enbodi nent set in the shortest focal
|l ength. Figs. 11A, 11B and 11C show spherical aberration, astigmatism and
di st orti capbo@spert isasd yn- theskthdest Hecadohehgnk. i nirn ke gst.hil P8, ehbddi ment
set in a mddle shortest focal length. Figs. 12A, 12B and 12C show
spheri cal amdet2at i tne natignafisphantcaliaberraohon respctivety, izaused by
the zoomlens in the third 15 enbodi nent set in the |ongest focal |ength.
In Figs. magpuradAn bhe vE2A iqHeakasi dlaifiapint Exam abeccarieds @SS nunber
is neasured on the vertical axis, deviation froman accurate_focus is
measur ed &% BeRSHERE httdle Hars zoatd la3¢dsvi Adud FPRABINHOUBr 6kBA/ |Fne and
a chain line are for the DIine, the Cline and_the G line, respectively.
In Figs. PEBKen lgnga@ntop Chaiyd inteprghtIes theabuttlCort i J4PEI 3R axi s,
focus is nmeasured on the horizontal_axi.ss, a_.cQntinuous |i i ndi cates a
sagittal “Pregelitrs a’é%?P%ﬂ'Bl‘éngYoké[ﬁl 153 i i élr’ri:{er]i%'oﬁé[}aqermge
surf ace. In.Fﬁlgs. 10C, _11C and éZC iga e, hei ght Lﬁos rrseassuredS ondt he
vertical hei T A% MRAREST OF HEPCERT Ry aJrfsa’f?e s ot ® TRESHOFF 20t al
axis. Tab{§33h899¥8n9§iaagfs}hg éggglﬁggﬁslfiﬁgeiﬁgiégtggwa sagittal
image surface, and a broken line indicates a meridional image
surface. In Figs. 10C, 11C and 12C, image height is measured
on the vertical axis, and distortion percentage is measured on
the horizontal axis.

Table 3 shows data on the zoom lens in the third em-

bodiment.
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bodi nent .

- 8.82 - 14.86 co

16 Table 3 Data on Zoom Lens
= 33.56 - 20.42 -

FNo.

2.85 - 3.67 - 5.15 f

12. 27 Surface No. RDNDA 1

= 5.25

: 43. 7980. 5501. 8350043. 000 2:6,0711.597 3:114.492 (ASP)1.0001.5247056- 236
4:17.746 (ASP)0.600 5:10.8601. 8001. 8466623. 800 6: 34. 94311. 274 - 4.405 -

0.300 7:6.768 (ASP)1.9851.5247056.23 8:-20,077 (ASP)0. 100

9:5.7171. 5751, 7550052. 300 10:-9. 5060. 5001, 6889331. 200 11:3.1944.529 - 8. 154
- 14.286 12:32.463 (ASP)2, 0001.5247056.236 13:-10.1101, 300
14: | NFI NI TYO. 7001. 5168064. 200 15: | NFlakle30. 600

Data on Zoom Lens

FNo.=2.85-3.67 -5.15
f=5.25-8.82-14.86
o = 33.56 - 2042 - 12.27

Surface No. R D ND vd
1. 43.798 0.550 1.83500 43.000
2. 6,071 1.597
3 114.492 (ASP) 1.000 1.52470 56.236
4 17.746 (ASP) 0.600
5 10.860 1.800 1.84666 23.800
11.274 - 4,405 -
6: 34,943 0.300
7 5.768 (ASP) 1.985 1.52470 56.236
8: -20.077 (ASP) 0.100
9: 5717 1.575 1.75500 52.300
10: -8.506 0.500 1.68893 31,200
4.529-8.154 -
1: 3.194 14.286
12; 32.463 (ASP) 2,000 1.52470 56.236
13: -10.110 1.300 :
14: INFINITY 0.700 1.51680 64.200
15: INFINITY 0.600
16: INFINITY 0.500 1.56883 56.000
17 INFINITY
Surface No. K A4 AB A8 A0
3 1 0.906899E-03 | -0.640632E-04 | 0.435915E-05 | -0.925116E-07
4 1 0.572459E-03 | -0.687373E-04 | 0.472822E-05 | -0.121438E-06
7 1 -0.471918E-03 | 0.227421E-05 | -0.290975E-05 | 0.779030E-06
8 1 0.552389E-03 | 0.485357E-05 | -0.180632E-05 | 0.110846E-05
12 1 -0.810051E-03 | 0.696968E-04 | -0.494248E-05 | 0.135280E-06.

In Table 3, FNo. denctes F~number, £ denotes focal length,

® denotes half field angle, R denotes radius of curvature, D

denotes distance between lens surfaces, ND denotes refractive

index for the D line, and vd denotes Abbe’' s number.
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16: 1 NFI NI TYO. 5001. 5688356. 000 17: I NFI NI TY Surface No. KAMAGASAL0
310. 906899E- 03- 0. 640632E- 040. 435915E- 05- 0. 925116E- 07
410. 572459E- 03-0. 687373E-040. 472822E-05-0. 1 21438E-06
71-0.471918E- 030. 227421 E- 05-0. 290975E- 050. 779030E- 06
810. 552389E- 030. 485357E- 05- 0. 180632E- 05 01110846E-05 " 121-0.910051
E- 030. 696968E- 040. 494248E- 050. 135280 I n Table 3, FNo. denotes F-nunber, f
denotes focal length, CO denotes half field angle, R denotes radius of
cur vat ur eyith “"d@sR) €sadesasplver betswedirdesns Shefaivae adDtberviRe¥Etractive
index for the DIline, and vd denotes Abbe' s nunber. Surfaces 17 with "
(ASP) " aserfaphers coxprdswed byhixprepeiet {he- aspheric surface is
expressed by Expression (1). Fourth Enbodi nent Fig. 13 shows the
construction off @ Adbrk mefita fourth enbodi nent according to the
present invention. Referring to Fig. 13, the_zoom|enps has a pegative
first |ens grodp-®GRL3 ghoxﬁ%%l}q \‘F@nssgéblﬁé?lpé‘ngfgar 588“(;&“%&6’ E g%‘gﬁlilve
third | ens grou GR3 arranged in.that order .from.an object side toward an
| mmge o GEICGHEERE ARt R g e R TRE S B dg8e VESFPFELAG] Rgl o
lens G havin rface having, a | arge curvature and_concav. ward the
i mage si det9a megat e\/gogglciﬁﬁssvﬁal% r%e%astjéée r#évrisﬁcg'leélr? gg%ﬁﬁr?%‘iéu%face
facing thgolsf@%e Ss'edceona}f'(.jl.e;x%r ggguBfGI?Z %ln%isg'ﬁositive third lens group
GR3 arranged in that order from an object side toward an image
side. The first lens group GR1 includes a negative first single
lens Gl having a surface having a large curvature and concave
toward the image side, a negative second single lens G2 having
an aspheric surface facing the image side and formed of a plastic
material, and a positive third single lens G3. The second lens
group GR2 includes a positive single lens G4 having opposite
aspheric surfaces and formed of a plastic material, and a
compound lens G5/G6 formed by bonding together a positive single
lens G5 and a negative single lens G6. The third lens group
GR3 includes a positive single lens G7 having an aspheric
surface facing the object side.

Figs. 14A, 14B and 14C show spherical aberration,
astigmatism and distortion, respectively, caused by the zoom
lens in the fourth embodiment set in the shortest focal length.
Figs. 15A, 15B and 15C show spherical aberration, astigmatism
and distortion, respectively, caused by the zoom lens in the
fourth embodiment set in a middle shortest focal length. Figs.
16A, 16B and 16C show spherical aberration, astigmatism and

distortion, respectively, caused by the zoom lens in the fourth
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material, and a positive third single lens G3. The second |lens group GR2

i ncludes a positive single lens 4 having opposite aspheric surfaces and
formed of a plastic material, and a conpound |lens G5/ G5 formed by bondi ng
together a positive single lens G5 and a negative single |lens G5. The
third lens group GR3 includes a positive single |l ens G/ having an aspheric
surface facing the object side. Figs. 14A, 14B and 14C show spheri cal
aberration, astigmatismand distortion, respectively, caused by the zoom
lens in teEbe@URERT einfodinnbhe kenrgs st tiecadhdenesh. f obalFigngd AR, PPls. 15A,
15B and 15C show spherical aberration, astigmatism and_distortion,
respect i ven§, 1eRusedebjathe 9HoFPReRsCRh *PRrTRBLPR ht@nBodPHRPt 32t in a

m ddl e shortest focal_ |ength. Fi 16A,, 16B and 16C show spheri cal

aber r at i RS2 ESE £Y Tk FE%%l%%gBFFv ocﬂiev%ae@p%%tfnr\?é‘l ¥ a&&h’{-@&eb??% zoom

I the f th odi t t.he | t f I I n Fi
Lo 1oA T8 AR ed T e b”ﬁ%”@aﬁearﬂ : 3@“%%@?3%%%@@? SO
nmeasur ed on %he vertica a&%ii tion fr aceur

T

rrea?]ur edllaﬁo e thrﬂ?? e lé\lnd gecgﬂfl nuous F‘Pﬁéaﬂge fcgﬁ‘é?gna% ne alnd
?nCF?bg. &ﬁ% & gﬁg %%E E?%%ng Lgﬁlgj' nea§ur5§£ ({he Ver§ﬁ§§%tgxssy.
focus is H@%gﬂﬁeijs ﬁba&ﬁf‘ec{‘gﬁf %g E&r@?éﬁl z?de“tde{Ry%s' h@gsuegacaaes a

sagittal ge surtace i'ne i'ndicates a meridional [ mge

surface. {ReFhg8;izdAEn1 1861 8N0; 166nt 1 ABOEs NEL AT 1181 ARASHT 8052 QD E0E
vertical axis, and di'stortion percentage is neasured on

image surface, and a broken line indicates a meridional image
surface. In Figs. 14C, 15C and 16C, image height is measured
on the vertical axis, and distortion percentage is measured on
the horizontal axis.

Table 4 shows data on the zoom lens in the fourth

embodiment .
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Table 4 shows data on the zoomlens in the fourth
enbodi nent. 19 Table 4 Data on ZoomLens FNo. = 2.85 - 3.64 - 4.88 f =
5.25 - 8.83 - 14.86 0) = 33.53 - 20.46 - 12.27 Surface No. RDNDvd

1: 52.5080. 5501. 8350043. 000 2:6.0041.900 3:-174.3021. 0001. 5247056. 236
4:26.429 (ASP)0.693 5:18,2811. 6081. 8466623. 800 6:-116.97913.515 - 5.431 - .
0.600 7:6.711 (ASP)2.2791.5247056. 236 8:-25.957 (ASP)0. 100

9:5.8751. 7711. 7725049. 600 10:-7.7130,5001. 6889331. 200 11:3.3615.500 - 9.232

t he horizontal axis.

~ 15.552 12:38.438 (ASP)2.0001.5247tAe&e6 13: - 10. 9741. 300

Data on Zoom Lens

FNo. = 2.85 - 3.64 - 4.88
f=525-8.83-14.86
® = 33.53 - 20.46 - 12.27

Surface No. R D ND vd
1 52.508 0.550 1.83500 43.000
2: 6.004 1.800
3: -174.302 1.000 1.52470 56.236
4 26.429 (ASP) 0.693
5. 18,281 1,608 1.84666 23.800
_ 13.515-5431 -
6 -116.979 0.600
7. 6.711 (ASP) 2.279 1.52470 56.236
8: -25.957 (ASP) 0.100
9: 5.875 1.771 1.77250 49,600
10: -7.713 0,500 1.68893 31.200
5.500 - 9.232 -
11: 3.361 15,552
12: 38.438 (ASP) 2.000 152470 56.236
13: -10.974 1,300
14: INFINITY 0.700 1.51680 64.200
15: INFINITY 0.600
16: INFINITY 0.500 1.56883 56.000
17 INFINITY
Surface No. LS Ad A A8 A0
4 1 0.417851E-03 | -0.785782E-05 | 0.388494E-06 | -0.233268E-07
7 1 -0.278892E-03 | -0.110032E-04 | 0.135004E-05 | 0.950839E-07
8 1 0.488995E-03 | -0,134588E-04 | 0.255035E-05 | 0.191537E-06
12 1 0.810182E-03 | 0.523066E-04 | -0.371469E-05 | 0.106517E-06

In Table 4, ¥FNo. denotes F-number, £ denotes focal length,

® denotes half field angle, R denotes radius of curvature, D

denotes distance between lens surfaces, ND denotes refractive

index for the D line, and vd denotes Abbe’ s number.

with “(ASP)” are aspheric surfaces.
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Surfaces

The shape of the aspheric




14: 1 NFI NI TYO. 7001. 5168064. 200 15: 1 NFI NI TYO. 600

16: | NFI NI TYO. 5001. 5688356. 000 17: I NFINI TY Surface No.xA4A6A8Ago 41-0.417851
E- 03- 0. 785782E- 050. 388494E- 06- 0. 233268E- 07

71-0. 278892E- 03- 0. 110032E- 040. 135004E- 050. 950839E- 07

810. 488995E- 03- 0. 134588E- 040. 255035E- 050. 191537E- 06

121-0. 810182E- 030. 523066E- 04- 0. 371469E- 050. 106517E-06 I n Table 4, FNo.
denotes F-nunber, f denotes focal length, cu denotes half field angle, R
denot es radrfizcefigueypresecd oy dexpressipst fhte bet ween | ens surfaces, ND
denotes refractive index for the DIline, and vd denotes Abbe' s nunber.
Surfaces with Talplssr "showe daphern cthﬁrﬁ%@%rs Treahakrd ofn tHeaspheri c
20 surface is expressed by Expression Tabl e 5 shows data on the
factors speéeiivdasiid 4d|u%f threezoqm 9966643)1“ bhetHa stobmbhenE@drth t he
first to the fourth enbodl ment. Table 5 InequalitiesFirst enbodi nent Second
Third FouPTROEHBBRF ment enbodi nent enbodi nent 1

D12 fw0. 09520. 10020. 05710. 1143 2 : DQIGJI\A% 84470. 94480. 79240. 8857 3

TLW f ws. 71435. 71436. 01906. 7619 aple

- \ , Second Third Fourth
Inequalities | First embodiment embodiment embodiment embodiment
(1) D12/fw 0.0952 0.1002 0.0571 0.1143
(2) D2Gfiw 0.8447 0.9448 0.7924 0.8857
(3) TLW/w 5.7143 5.7143 6.0190 6.7619
(4) D23/fw 0.8077 0.6469 0.8626 1.0469

As obvious from Table 5, the zoom lenses in the first to
the fourth embodiment satisfy all the conditions expressed by
Inequalities (1) to (4). As obvious from the diagrams showing
aberrations, the zoom lenses are capable of evenly correcting
all kinds of aberrations.

The plastic lenses of the zoom lenses in the first to the
fourth embodiment may be replaced with equivalent glass lenses.
Material of the lenses may be selectively decided taking into
consideration workability, optical characteristics, weight
const and such.

Although the invention has been described in its
preferred embodiments with a certain degree of particularity,
obviously many changes and variations are possible therein. It
is therefore to be understood that the present invention may

be practiced otherwise than as specifically described herein

without departing from the scope and spirit thereof.
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(4) D23/fw0.80770.64690. 86261. 0469 As obvious from Table 5, the zoom | enses
inthe first to the fourth enbodi nent satisfy all the conditions expressed
by lInequalities (1) to (4) . As obvious fromthe diagrans show ng
aberrations, the zoom|enses are capable of evenly correcting all kinds of
aberrations. The plastic | enses of the zoomlenses in the first to the
fourth enbodi nent may be replaced wth equivalent glass | enses. Material

of the lenses may be selectively deciggdiaking into consideration

wor kabi lity, optical characteristics, weight const and such. Although the
i nvention has been described in its preferred enbodinents with a certain
degree of particularity, obviously many changes and variations are

possi bl e therepnod 1ehg H&aﬁrﬁgﬁ%ptﬁc%q spdensioatdb RaL s hhe i Eseive
invention may be practiced otherwise than as specifically described herein
wi t hout degarddthbehs Q_{dei?cgzﬁgﬁﬁeWbé@h@'rﬁoxﬁé‘&"ﬁ@@fgoo’%&ir@ébﬁ%iélpofeéoom

| ens having an optical axis and conprising: a negative first |lens group
capabl e of neimgdmed fFebnzoeAURdaapdsdt spessdcongarest §eodp féopdpead; a
positive second | ens group capable of being noved for zoom ng, and

di sposed beld bdihbemdvestfd s ongdmeypanandi spposd thatei ndithd FeRstol Oy

di sposed behind the second |ens group; wherein the zoom |l ens neets

condi ti ons gequpgs sedl ky pdsieguad ithiiesi lens group disposed behind the

second lens group;

wherein the zoom lens meets conditions expressed by

inequalities:
0.02 < Dl12/fw < 0.13 ..., .. ()
0.5 < D2G/fw < 0.95 LLl.L...... (2)
5 < Tw/fw <8 L. {3)

where D12 is a minimum distance on the optical axis between a
back su;face of the first lens group and a front surface of the
second lens group, D2G is a distance between front and back
surfaces of the second iens group, TLW is optical length of the
zoom lens as set in the shortest focal length, and fw is the

shortest focal length.

2. The zoom lens according to claim 1, wherein at least one
of component lenses of the first, the second and the third lens

group is a plastic lens.

3. The zoom lens according to claim 1 or 2, wherein the first lens
group includes a first lens having a negative refracting power,

a second lens having a negative refracting power and formed of
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0.02 < D12/fw<0.13 .......... (1) 0.5 < DREfw<0.95 .......... (2) 5

< TLWfw <8 .......... (3) where D12 is a mninmum di stance on the optica

axi s between a back surface of the first lens group and a front surface of

the second lens group, D2G is a distance between front and back surfaces

of the second |ens group, TLWis optical length of the zoomlens as set in
the shortest focal length, and fwis the shortest focal length. 2. The

zoom | ens a5 Ps & N9 51@I1Midd AWEE BiN Als h8aShgWBoset i GRMROPLIL: | gpses
of the first, the second and the third lens grodp Is a plastic lens.” 3.

The zoom | @R%eaGCORMI tke 5@ TRl MeAsOsf ThaVier-8ikN1iNg Jidisd nk@Nst HLOUP
I ncludes a first lens having a negative refracting power, a second |l ens

havi ng a n@@%tb%@hbgﬁ@a%m&&gfggmer and fornmed of 22 a plastic naterial and
athird lens having a positive refracting power; and the second | ens of
the first lens group has at |east one aspheric.surface. 4. The zoom |l ens
according to claiml1, 2 or 3 further conprising a shading nenber disposed
bet ween t hd.s&tentbandenhheattordirigens cyadbuplt @ pveddctuttien nbepnsi$inof
i ght reaching an i mage sensor while the inmage sensor reads an inmage
signal ; and sketling rembegnditposedXpressad thy aacomequal ithe: tB15d<1HRG/ fw <
1.1 .......... (4) \Wiere D23 is a mninmum di stance on the optical axis
bet ween t h@rowacko steduapetbf imeenstondf éaghyroepclaing tareihagetsswsdace of
while the image sensor reads an image signal; and meeting a
condition expressed by an inequality:
0.5 < D23/fw < 1.1 i e (4)
Where D23 is a minimum distance on the optical axis between the
back surface of the second lens group and the front surface of

the third lens group, and fw is the shortest focal length.

5. An imaging device comprising: a zoom lens having a plurality
of lens groups capable of being moved along an optical axis with
respect to each other to obtain a continuocusly variable
magnification; and an image sensor capable converting an
optical image formed by the zoom lens into a corresponding
electric signal:;

wherein the zoom lens comprises: a negative first lens
group capable of being moved for zooming and disposed nearest
to a front end; a positive second lens group capable of being
moved for zooming, and disposed behind the first lens group;
and a positive third lens group disposed behind the second lens
group; and meets conditions expressed by inequalities:

0.02 < D12/fw < 0.13 LLi..e.o... (1)
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the third lens group, and fwis the shortest focal length. 5. An inmaging
devi ce conprising: a zoomlens having a plurality of |ens groups capable
of being noved along an optical axis with respect to each other to obtain
a continuously variable magnification; and an inmage sensor capable
converting an optical imge forned by the zoomlens into a correspondi ng
electric signal; wherein the zoom|ens conprises: a negative first |ens

group capabl e of pbei ngppeyed Lop z@onm ng and di sposed nearest (bg a front
0

end; a positive second [ens group capable of being ‘noved 'for zoom ng, and

di sposed behi nd the fi sty eng group; and a positive third qug)group

----------

di sposed behind the second |l ens group; and neets conditions expressed by

inequal iti @er@ 822<i P12/ iFuls ¥ stance on theldpL8c1 525 PAF fween & 95
.......... (2) 5<TLWfw<8 .......... (3) where D12 is a m ni num

di stance obathesapfheslofthe betweeremds kadkusHhbag et BarfFaest of e group
and a front surface of the second |lens group, D2Gis a distance between

front and backndsukhacesoah,t ID2csdeonrd diensr@olptwHaY i opt ieal Hengt h of
the zoomlens as set in the shortest focal length, and fwis the shortest
focal | engshri@ceFhefitteyisrgodeviers apmormi MW ds cltiiodl, lehetel of athd east
one of conponent |enses of the first, the second and the third |ens group
is a plastzechmedsens7asTheti imgthg slevrtestctocal ntengtle) aamd 5twrish,theher ei n
the first

shortest focal length.

6. The imaging device dccording to claim 5, wherein at least
one of component lenses of the first, the second and the third

lens group is a plastic lens.

7. The imaging device according to claim 5 or 6, wherein the first
lens group includes a first lens having a negative refracting
power, a second lens having a negative refracting power and
formed of a plastic material and a third lens having a positive
refracting power; and the second lens of the first lens group

has at least one aspheric surface.

8. The imaging device according to claim 5, 6 or 7, wherein the zoom

lens further comprises a shading member disposed between the

second and the third lens group to reduce the intensity of 1light

reaching an image sensor while the image sensor reads an image

signal; and meets a condition expressed by an inequality:
0.5 < D23/fw < 1.1 L aiie.. (4)

Where D23 is a minimum distance on the optical axis between the
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| ens group includes a first | ens having a negative refracting power, a
second | ens having a negative refracting power and fornmed of a plastic
material and a third | ens having a positive refracting power; and the
second lens of the first lens group has at |east one aspheric surface. 8.
The i magi ng device according to claimb5, 6 or 7, wherein the zoom |ens
further conprises a shading nenber di sposed between the second and the

third |ens grupt@atedyeeAdeddURNIkhY Qholib UHa +HRARLAY 8ArFaBgS, Sensor
while the inage sensor reads an I1nage signal; and neets a condition .

expressed RpharHinRAUad Yrdhp, ad®Ff W thel shortest -fodfl) 13Mang D23 is
a mninmum di stance on the optical axis between the 24 back surface of the
second |l ens group and the front surface of the third Il ens group, and fwis
t he shortest focal |ength. 25
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