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

I nvention The present invention relates to an i nexpensive, small zoom | ens
having a zoomratio on the order of three, and an inmaging device provided
with the zoom |l ens. Description of the Related Art Digital still cameras,
i.e., imaging devices provided wth a solid-state inmage sensor, have cone
into wide use in recent years. The wide spread of digital still caneras is
acconpani ed by demand forzddie frNd haip | FRAOYEEEREy AER Pi cture quality.
Digital still canmeras provided with a solid-state 1nmage sensor having a

| arge nunmber of picture elenents need a photographic lens, particularly, a
zoom |l ens, having an excellent focusing ability suitable for use in

conbi nation with the sol BHEKGCROBNDNBEE TSENIMVENGYORY a | ar ge number of
picture elements. There has been strong dermand for the miniaturization
and const reduckiehdobf| emsebpvamdishe devel opnent of in- expensive, snall,
hi gh- perf ormance zoom | enses. A zoom | ens having a focusing ability

suitabl e for uskheipresemi niatvieort it ral siods des atre iineagRERED dxliing a

| arge nunber of picture elenments is disclosed in JP-A No. 2002-350726.
This knowP¥BokeR&nkBaving &hreew| easigr onptheonrbersolfavhnges arehain ve
first lens group, a positive second lens group and a positive third |lens
group arr 9 ndehaEe opHeYidedrivible bhpeevomsildastoward the i mage side.

Description of the Related Art

f ' Digital still cameras, i.e., imaging devices provided
with a solid-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
quality. Digital still cameras provided with a solid-state
image sensor having a large number of picture elements need a
photographic lens, particularly, a zoom lens, having an
gxcellent focusing ability suitable for use in combination with
.the solid-state image sensor having a large number of picture
elements. Therehasbeenstrongckmmndforthendniatﬁrizatioﬁ
and const reduction of lenses, and the development of in-
expensive, small, high-performance zoom lenses.

A zoom lens having a focusing ability 'suitéble' 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
.posit-ive third lens group arranged in that order from the cbject

side toward the image side.




1 Such a zoomlens is long as conpared with its focal length and the |ens
groups are not satisfactorily mniaturized. Therefore, this |ens cannot be
collapsed in a satisfactorily small 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 | ens group. The | arge second Iens group nmakes

|1 i th diffi it j
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i magi ng dewh&es ey dad swibhst Bsnﬁge%é e&@lpacg%rod'l@lg al @at8%20RLErily
enbodi nents. 2 Accordlng to a first aspect, there is provided a zoon1 | ens

having an aplilcaliAxXi Siand-Cenpristagvdl alearbjeet fskde tenangiamge side:
a negative first |ens group capable of being noved for zoom ng; a positive

second | ensndyrtbepseapablenofgroepngs noove dpt ani zdontingre dsda aipisiltye third
| ens group; wherein the zooml|ens neets conditions expressed by
i nequal i ti¥s:forming the zoom lens in a short length, and the second lens
group is inevitably large because an aperture stop is disposed
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 is difficult to reduce the cost of this

zoom lens.

SUMMARY OF THE INVENTION
Embodiments of the present invention provide a zoom
lens not having the foregoing problems.
Embodiments of the present invention seek to provide an
imaging device provided with the zoom lens according to.

example embodiments.



0.02 < D12/fw<0.13 ....... {1} 0.5 < D2GF@fw<0.95 ........ (2) 5 <
TLWfw <8 ........ (3) where D12 is the m ninum di stance on the opti cal
axis between the last optical surface of the first lens group and the
first optical surface of the second lens group, D2Gis a distance between
first and | ast optical surface of the second |ens group, TLWis the
optical length of the zoomlens when set to the shortest focal |ength, and
fw is the shortest focal |ength. According to a second aspect, there is
provi ded an inmagi ng device conpri sing the above zoom | ens and an i nage

sensor capabl e converting an. gtlcal fornmed by the zoon lens into
correspondi ng el &GFiE 1G] 6ﬁa?s 1f Eq%%ﬁ?QEf( er@eﬂﬁn@§°¥ﬁ@e¢ﬁ%e%%%m bet ween

the first 1ang Hat\ﬁlﬁcfc&ﬁldoﬂaﬁﬂt%aqr%lkﬁs lapaualidy; L 2dgdefines the total
|l ength of the second | ens group, and Inequality (3) defl nes the optical

| engt h of 98 ZdbrAlkat Thée zbonrhehAsaaccoridiatg & oegwbilVeeft sstof the
present | nyeat LoBuhAs. LATRACl: SAISH HELLANCANA San e TROUtagtUred al a

| ow cost. 3 Enbodi hent's o e present |nve ion A 8¢TI Ve
i mprovi ng selsentiodesEngrabp | q::ﬁgaltﬁe ez dpnmreneveavifog acpedmg;rahdo in the
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conditions expressed by inequalities:
0.02 < Dl12/fw < 0.13
0.5 < D2G/fw < ©0.95  L...... (2)
5 < TLWw/fw <8 ... (3)
where D12 is the minimum distance on the optical axis
between the last optical surface of the first lens group
and the first optical surface of the second lens group,
D2G is a distance between first and last optical surface
of the second lens group, TLW is the optical length of the

-zoom lens when set to the shortest focal length, and fw

is the shortest focal length.

According to a second aspect, there is provided an
imaging device comprising the above zoom lens and an image
sensor capable of converting an optical image formed by the
zoon lens into corresponding electric signals.

Inequality (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 embodiments
of the present invention has compact construction and can be

manufactured at a low cost.




- The above and ot her aspects, features and advantages of the present
invention will becone nore apparent fromthe 3a follow ng description taken
in connection with the acconpanying drawings; in which: Fig. 1 is a

typi cal sectional view of a zoomlens in a first enmbodi nent according to
the present invention; Fig. 2 is a diagram show ng aberrations caused by
the zoom lens shown in Fig. 1 set in the shortest focal length; Fig. 3 is
a di agram showi ng aberrations caused by the zoom |ens shown in Fig. 1 set
in amddle focal length; Fig. 4 is a diagram show ng aberrations caused by
the zoom lens showmm in Fig. 1 set in the longest focal length; Fig. 5is a
typi cal section 1€ a zopmlens in a__secand enbodi ne according to
the present invgh¥¥ggﬁggﬁa.oé eaP%ﬁ%ﬁﬁéuﬁQﬁ? T Eﬁgrgﬁtﬁgﬁgcﬁéﬂied by
the zoom | i [ : ' hor .ength; Fig. 7 is
a diagranﬁgﬁgaF%g%g%g:?ggi%Rgé%gﬁégéﬂ%§ﬂfﬁ% %d%%%¥%%ﬁ§q%ﬁ%3ﬁ %2“%55. 5 set
|n a mddiacieca denabie oS 18 dalladi AThaliowhg, aherial iy caused by
the zoom lens shown in Fig. 5 set in the longest focal Tength; Fig. 9is a
typi cal seenisonad M ewdotiagzeend@s Jim tae EBbmndierdodi nent according to
the present invention; Fig. 10 is a diagram show ng aberrati ons caused by
the zoomlens shown in Fig. 9 set in the shortest focal length; Fig. 11
is a diagram showi ng aberrations caused by the

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

the present .invention will become more apparent from the

3a



zoomlens shown in Fig. 9 set in a mddle focal length; Fig. 12 is a

di agram showi ng aberrations caused by the zoomlens 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 ment according to the present invention; Fig. 14
is a diagram show ng aberrations caused by the zoomlens shown in Fig. 13
set in the shortest focal length; Fig. 15 is a diagramshow ng aberrations

caused b . 13 set m.dd]l e focal |ength; and
Flg, 16 .yfs‘gff%‘?gﬁg‘ SR Ll dn fen B Ecetngy henS 26gemiainy Dibwn | n
Fig. 13 Sffa&fh% ¢ angﬁ§Ehtocal | engt h. DESCRIPTICN OF THE PREFERRED
EVMBODI MENTS A ens ‘accordi ng to the present inventi on w il be

described with Ff&erfrE:@ da apl: se-@'\?lg'r? J{%ﬁatpn]gsaa C?I}V§ ifd 14 St

| ens group GR1l, a positive s con I'ens” group ens group
GR3 arr angegst %ﬁﬂb@&lﬁéﬁ@raéﬁgﬂaﬁﬂ OQbE%e P ser@1a} @eﬁelo@;age side. The
(0]

first lens group GR1 and the secon | ens group are noved for zoom ng.

The zoom | ens megy s 2 g@féddia@f@m%raf Srgegb@éra@ il Q&éé@ﬁ%hé'ﬁomo 02 <
D12/fw< 0.13 .......... (1) < D2 <0.95 .........

TLWfw < X®ns .shown. in(8)lgWher §e£)1?_n| €ha %@r@é@tdlf%béﬂcgeﬁ%?%he Opt i cal
axi s between the back end surface of the first | ens group and t he

front end surfEice. 6fis kedsegomnd shens rgy aBRreBR i oG4 Ssddbydi 56 atem
bet ween lens 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 ih the shortest focal iength;
'Fig. 7 is a diagram showing aberrations caused by the zoom
lens shown in Fig. 5 set in a middle focal length;
Fig. B is a diagram showing aberrations caused by the zoom
lens shown in Fig. 5 set in the longest focal length;
Fig. 9 is a typical secticnal _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. 9 set in the shortest focal length;
Fig. 11 is a diagram showing aberrations caused by the
zoom lens shown in E“ig. 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 .typj.cal sectional view of a zoom lens in a



the front and the back surface of the second |l ens group GR2, TLWis t

opti cal

| ength of the zoomlens as set in the shortest focal |ength,

fwis the shortest focal length. Preferably, the zoom |l ens includes at
| east one plastic lens. The plastic | ens reduces the weight of the zoom

| ens and

5 a plastic | ens having an aspheric surface for aberration

correction is easier to formthan an equivalent glass lens. The first

group GR refirtheczpomihens %%%ixﬁti%gf)ftot WEe L &NSES AR Yy 2 Tirst
r ef seconé’s

single lens @ having a negative

racting ‘power, a

having a negatives.rehs astang: aonen S| 05 EdOFaR1PhaSL] o B UEY Lolo

third single lens G3 having a positive re

racting power.

he
and

| ens

ingle lens &

and a
at

| east onezobmt hensushanasinfrige second shnghe L€HstL&Z: i focfBPNSREEh; A

shadi ng

and the third |Ehg. gtdups GRUAiSgrafusitowih

menber, not shown, is disposed between the second |ens group

&

“image sensor | MG while the inage sensor I%/G reads an i mage signal.
Pr ef er abl goomhbeusoshowensnnEeys A3 coatli 1h08 BXPHESSESEAY 1dhdris; D2 fw <
...... (4) Were D23 is the shortest distance between the back

surface of thef'sgcoh@ iens drapmiRhantng hebéroations feoesed bhpethdi
| ens group GR3, and fwis the shortest focal |length of the zoom | ens.
Desi r abl y20®RelgnadshgwredbeFigs a3vaeit- iamblihe rlansydstt dioceIsHageyidevi ce
capabl e of adjusting the '

1.1....

)

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 GR1, a positive second lens group GRZ2 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 inequalities:

0.02 < D12/fw < 0.13 L ..e.... (1)

0.5 < D2G/fw < 0.95

5 < TLW/fw <8 ..., (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 GRZ2,
TILW is the optical length of the zoom lens as set in the shortest
focal iength, 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

GR2
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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 | ens group
GR2. Although it is desirable to reduce the interval D12 between the first
| ens group GRI and the second | ens group GR2 as far as possible to reduce
the overall optical length of the zoomlens, the first 6 lens group GRL
interfere with each other if the

Val ue of ‘BISTRAFEE AGPSGRBN 8P SPna CRaFAC (RUIAFS (S ERTAHAN . 11 i <
Lo reduce” " Fe bearal? BAPLER TPOAGER. GPaha, GORITEHET st At of
Pength of “the show TeRs LEAT BEYBIORAS WhRH T RBYUER? (PP SEQAeT | od
i ot uri e the {TARC Y Eng Sr6an SRek hensiels Pt Mt Ye 1

nequal | tyef2icdebngstbe vekablal BIGLN 0N dhe eR0Nd d SISO

Although it is desirable fo formeach of

|0 the | eastraoeshloddt @itessrnld bEGA NG d fAGLR AN { DECOAR3Pd Zoom
cal a p

lens, it is difficult to correct spheri erration afd a peri pheral

coma causeihgby lihe 630N ngeapdliauly SRR £rihe i RETf QFdBNC e Qfrd g, 1300m | ens
is deteriorated significantly, and the zoom | ens needs to be assenbled

very accurfatidast fondieoalhee aofr f¢#S o f scisdedd@ind Rdhgle lens G2 is
i 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 . ....... (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
in}:ensity 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



0.5, nanmely, the lower |limt. The thickness of the second |ens group GR2
Is big and the zoom | ens cannot be conpactly collapsed if the val ue of

D2G fwis greater than 0.95, nanely, the upper |imt. \Wen the zoomlens
satisfies Inequality (2), aber- rations can be satisfactorily corrected,

t he assenbling - accuracy of the zoom|ens can be inproved and the zoom | ens
Is conpact. Inequality (3) defines the overall opt ical length of the zoom

lens. It 1endi §fbeyl trR10-R8" Eﬁ%t sé%‘ftﬁ' (i%ttsaeﬁc t he Z%@]ﬂr}Slca%l@/eri pher al

coma caused by the zoom |l ens the performance 'ens i

det eri or aigtle £ @Pé fi ety napdnthe; 9o/ ’vsmﬁe &Ftﬁ Jﬂa 9@ dvery
accurately if the value of TLWfw is smaller than 5, narre the ovver

linit. Thehaverad, hemetll, ©hetliRicz00mmkiens (HGILaIeT: R W%%ran%f | ens
barrel s needs to be increased to col | apse the zoom | ens conpactly, the

- out er nostthensrivaripell pasina bdr gBelidBA@ Lo ) ZROMAENS GARRQL be
conpactly col | apsed when the nunber of the lens barrel 1is small if the

val ue of Thswiwriad lgneateal teaytd, ohanwel yoomh hensuppehelvdlide o ¥han Afhe zoom
| ens satisfies Inequality (3), aberrations can be satisfactorily

correct edlstwée@s%emthamtgo h&cunamylgt the zpperl eamican Deei speosed and
the zoomlens is conpact. Inequality (4) defines the interval D23 between
the secdRbiens lgnah cRothadzedre hdris danehs wrdupe CRhdw Inetepidty a

shadi ng rTFrrber bet ween the second |l ens group GR2 and the third
1) is satisfied. Preferably, the upper limit in Inequality

I (1) is 0.06 instead of 0.13 tominiaturize the front lens group,
namely, the first lens group GRI1.

Inequality (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 limit. The thickness of the secondalens
group GRZ 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 lené 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.




| ens group GR3 to reduce the intensity of |ight reaching the inmage sensor
| MG while the inmage sensor | MG reads an inage signal. It is difficult to
i nt erpose the shadi ng nenber between the second |ens group GR2 and the
third lens group GR3 if the value of D23/fwis smaller than 0.5, nanely,
the lower imt. The overall length of the zoomlens increase and it is
difficult to mniaturize the zoomlens if the value of D23/fwis greater

than 1.1, namal.é thg upper limt. The shadi ng menber can be disposed
bet ween t RePSEEBRATFENS Ig?oﬁﬁuﬁﬁé Brdthdez e ren 2 rshe rofr TR G @ ft he

zoom | ens | ct _when the zoomlens K satisfies Inequality .(4). 8 First
Enbodi men'ECh% g%% B 55 B BT o dilFRAL 15886H Y At Bhe heoR deEnm

Embod 1 t 1°6HS B AEAe 1 erie -

Sovond | oRe ar ot Rt SRAmAT SR YEEY S Gretcrst She a0 (o WAk dor

f ‘ | ' d ' ide. he f,i I GR1

| nol udes. e ve Pirer P ERE Fien dfg o Ther aReP ALY HRTAEN ar ge
t | i.d ti d | (€]

Pavi ng oppost 1 ToRRRar e TRt ant o SO P AR ASE and o

bost 1 1LVe Loind LebreiTeaThe s89000-LeRROZBUR BRS MEIESI, RAS! Live

single lens &4 forned of a pl ast mat er a ound ‘I ens G/ G6

formed byohbathogt tieged MIrf PO .V ea$hREanbe0s, Brand & ibqﬁt?tnlise\ﬁ%g ngl e

lens G. The third lens group GR3 includes a posi five single Te
havi ng oppaxsndétebasphiffactly collapsed when the number of the lens barrel

| ' 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 GRZ 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 ‘interpoée 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 of 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 zoom lens

"satisfies Inequality .(4).



surfaces and fornmed of a plastic material. Figs. 2A, 2B and 2C show
spherical aberration, astigmatism and distortion, respectively, caused by
the zoom lens in the first enbodi nent set in the shortest focal |ength.
Figs. 3A, 3B and 3C show spherical aberration, astigmatismand distortion,
respectively, caused by the zoomlens in the first enbodinent set in a

m ddl e shortest focal length. Figs. 4A, 4B and 4C show spheri cal
aberration, astjgpati apd.distortion, respectively, caused by the zoom
lens in the first enbodinent set in the |ongest focal length. In Figs. 2A

3A and 4A, the a3k &fs SRherdiGaly abehhallon 1 ccﬁf@fx?%%ro {8e m?%ssuernecd on

the wvertical axis, deviation from an accurate Tocus measured on ~the

hor i zont alnwh6icANhE ARt FAYOUS i L&y 8%@%%‘1‘%%%&5:@% f‘é‘x‘i'sl%?r_cﬁ]qﬁ@ln line

are for the Dline, the Cliné and the Ine, respective _|ds. 2B,
3B and 4B pompeivei ghtohd 1BASUEBLupOoBRrbhanKeRt kfalgaXkss fg%% IcR3
S asagittal

nmeasured on the horizontal axis, ™ a continuous |line indicat

I mage surdaceEngeddrathdt eeied Frem 6 ikAles ai B ookl e Sidaace. In
Figs. 2C, 3C and 4C, inmage height is neasured on the vertical axis, and

di storti dthedrigesit dgesi growacRed @l ddwes honbgaat ek axist daldee I shows

data on the zoomlens in the first em bodinent. 10 Table | ta on Zoom

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
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. 2A, 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, astigmatism and distortion,
respectively, caused by the zoom lens in the first embodiment
set in the longest focal length. 1In 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




FNo. =2:85-3. 71-5.17 f=5.25-8.84-14.86 33.53-20.57-12.42 Surface No. RD
ND vd 1: 620.453 0.550 1.69680 55.500 2: 5.500 0.847 3: 9.271 (ASP) 1.000
1. 52470 56.236 4: 5.835 ASP 1.000 5: 8.224 1.368 1.80610 33.300 6: 26.403
10.681 -4.290 0.500 7: 5.967 (ASP) 2.248 1.52470 56.236 8: -14.376 (ASP)
0.200 9: 5.554 1.487 1.83400 37.300 10: -15.338 0.500 1.78472 25.700 it
3.183 4.241-8. 331 14.427 12: 12.692 (ASP) 1.983 1.52470 56.236 13:

~15. 994 (ASPhalnlQQpL4: | TY..0..700: 144524 27.700 _15:. | NELNL TY 0. 600 L
16 INFINITY 0.500 1 5?55;@% %63 nglolri‘lﬁ'\nrl %%Gi'\#gslulr?%caemib‘?h?( ¢i4i%\8€AB A+O

3 1 0.103984F<02iv@17880836 Q4 02696 : 0:14 3 :
-0. 417851E- 036- 0.1968g§5E- 04 1%81%844%?3%1@0§.324ié%éé§%§9%6c 1% feasured

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. 2C,
' 3C and 4C, image height is measured on the vertical axis, and
Qistortion percentage is measured on the horizontal axis.
Table 1 shows data on the zoom lens in the first em-

} bodiment.
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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 -0.901211E-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. denotes F-nunber, f denotes
focal length, w denotes half field angle, R denotes radius of curvature, D
denot es di stance between | ens surfaces, ND denotes refractive index for

11 with " (ASP) " are

the D line, and vd denotes Abbe' s nﬂﬁé Sur f aces
aspheric surfaces. The shape of the d& dic surface is expressed by

Expr essi omgd ' =y +ZA-Y ... (1) 1+ 1-ky2 c2 Were: X
D st ance T‘rmbt{lhz'e%‘a}rﬁpe%f the lens surface on the optical axis Y: Height

in a pl angNeeEPERYi Gy L tp7the optical axis C. Paraxial curvature A :
Aspherical coefficient of |I-degree Second Enbodi nent Fig. 5 shows the
enbodi nent according to the

construct fers 24 -8 gP0Aylgens in a second
present invention. Referring to Fig. 5 the zoomlens has a negative first

| ens group £B3,53 2087 -t{¥g>second | ens group GR2 and a positive third |ens
j froman_object_side toward an i mage

B arranaged—in that d
group Surface No. A T D ND vd
1: 620.453 0.550 1.69680 55.500
2 5.500 0.847
3: 9.271 (ASP) 1.000 1.52470 56.236
-4 5.835 (ASP) 1.000
3 5: 8.224 1.368 1.80610 33.300
’ 6: 10.681 - 4.290 -
26.403 0.500
7: 9.967 (ASP) 2.248 1.52470 56.236
8: -14.376 (ASP) 0.200
9: 5.554 1.487 1.83400 37.300
10: -15.338 0.500 1.78472 25.700
1: _ 4.241 -8.031 -
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
i
Surface No. | x A A8 A8 A0
3 1 0.103034E-02 | -0.788083E-04 | 0.698294E-05 | -0. 147155E-06
4 1 -0.417851E-03 | -0.968635E-04 (.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 0.901211E-03 | 0.113451E-03 | -0.778351 E-05 | 0.190649E-06
13 1 -0.432058E-03 | 0.666450E-04 | -0.444144E-05 0.103362E-06

In Table 1, 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. Surfaces
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side. The first lens group GR1 includes a negative first single lens G
havi ng a surface having a | arge curvature and concave toward the imge
side, a negative second |lens & having opposite aspheric surfaces and
formed of a plastic material, and a positive third |ens G3. The second
| ens group GR2 includes a conpound |lens A4/ G5 formed by bondi ng together a
positive single lens (4 and a negative single lens G5, and a positive
single |gns, G6 ing _opposite.aspheric surfaces and formed of a plastic
mat eri al .{'?(EI]'Ere1 t%@%‘ I% seogFB rél%g}lﬁg?ﬁﬁés A sihtare ofsthglasnhetd o7
havi ng op | aspher| rf.aces._and fornmed Qf a plastic material. The
use of thgeggé??isg g%h%Fég gnb¥ prfsﬁéﬁpndqépposite aspheric surfaces
and formed of a plastig pmaterial as a |l ens nearest to the inage plane
provides a margir—for tfe accuEcy .pf the aspheric surfaces. Fkiygs. 6A, 6B
and 6C show spherilcal/i-akept ag% o’ astigmatismand "di'storti‘on,
respectively, caused by the zoom lens in the second enbodi nent set in the
shortest wWesat: |l ength. Figs. 7A, 7B and 7C show spherical aberration,
astigmati smand distortion, respectively, caused by the zoomlens in the
second enbodi neNtDEStande af AbHILReSBRELESE [RCAK hENALR£aRIOS, 8f BE and
8C show spherical aberration, astigmatismand distortion, Trespectively,
caused byopticabami€ns in the second enbodi mrent set in the |ongest focal
l ength. In Figs. 6A, 7A and 8A, the ratio of spherical aberration to
F-nunmber is meaSutied gitt tie a veldrie de rpdneli AR A O H YPEtACGH1at e
focus is nmeasured on

} C: Paraxial curvature

At Aspherical coefficient of i—degiee
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 G1 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
plasticmaterial. 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
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the horizontal axis, and a continuous line, a broken Iine and a chain |ine
are for the Dline, the Cline and the Gline, respectively. In Figs. 6B,
7B and 8B, imge height is neasured on the vertical axis, focus is
measured on the horizontal axis, a continuous line indicates a sagittal

I mmge surface, and a broken line indicates a neridional inmage surface. In
Figs. 6C, 7C and 8C, image height is neasured on the vertical axis, and
distortiop perceptage.is nea%yred on the horizontal axis. Table 2 shows

data on the z0omTBAS TR FRENSEIGNEUTEREEE mist formerhife @ Plsttd on Zoom
Cons 10, g5 B2 e oloal D el S0, S0 R 12 28,
I adoe6 25 BoD 61 I3 4TE 10, G50 2KNGFAL GUESaCeR: 4. 320 2. 245 1. 72916
54.700 8: -5.78iy0. 5P0 1587243 Bé- 380, spherical aberrationm,
astigmatism and distortion, respectively, caused by the zoom
lens in the second embodiment set in the shortest focal length.
Figs. 7A, 7B and 7C show spherical aberration, astigmatism and
distortion, respectively, caused by the zoom lens in the second
b 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 liné,
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 sﬁrface, and a
broken line indicates a méridional image surface. 1In 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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9: 5.266 0.500 10: 4.500 (ASP) 1.100 1.52470 56.236 11: 5.951 (ASP) 3.397
- 6.712 12.319 12: -24.533 (ASP) 2.000 1.52470 56.236 13: -6.401 (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. K A4 A6 A8 Al _3_1
-0.493997E-03 0. 308542E-04 -0. 203091 E-05 0.480038E-07 4 1 -0.100405E-02
0.496204E-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. 237HdHIE-D4 0. 441858E-05 -0. 199791 E-06

13 1 -0.114059E—03 -0.852311 E- 04 0.828581 E-05 -0.254497E-06 In Table 2,
o denotes half field angle,

FNo. denot denotes focal |ength,

R denot es d| us of curvature D denotes di stance between | ens surfaces,
ND denot ed N@iFa&H v 71i-RId% for the D line, and Vd denotes Abbe' s nunber.
Sur f aces

A are aspheric surfaces. The shape of the aspheric
surface |§ e§gﬁe&§é Sff @(presm on (1). Third Enbodi nent

o = 33.55-20.39 - 12.28

Surface No. R D ND v
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 n 1.439 1.84666 23.800
) 010-4.074 -
6 12.476 0526
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: -6.401 (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. | « A4 Ab A8 At
- 3 1 -0.493997E-03 | 0.308542E-04 | -0.203091E-05 | 0.480038E-07
4 1 | -0.100405E-02 | 0.496204E-05 | -0.970592E-06 | -0.250497E-07
10 1 | -0.501639E-02 | -0.981536E-03 | -0.400770F-04 | -0.124102E-04
1 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 denotes Abbe’ s number. Surfaces
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Fig. 9 shows the construction of a zoomlens in a third enbodi nent
according to the present invention. Referring to Fig. 9, the zoom|ens 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 GR includes a negative first
single lens G having a surface having a | arge curvature and concave
toward the i mage side, a negative second single lens & having opposite
aspheric 3utfacddSand avenesplérhc puastace st aHeabhapdnsi & HWO Sisighe ithi r d
single lens G3. The second | ens group GR2 includes a positive Single |ens
G4 havi ng S0PP6sIa d aspieressed ey akesraadibor fegl.of a plastic material, and
a conpound lens G5/ G5 forned by bonding together a positive single lens G5
and a negative T8iF§l Embkadsimggit The third | ens group GR3 includes a
positive single_|lens G/ having an aspheric surface facing the object side.
Figs. 10A, 10B &Ad-18CSBRYW Egﬁw@@a’prubéipat pbna zarwt ilgmet iiSmaantird
distortion, respectively, caused by the zoom lens in the third enbodi nent
set in thETHR t AGCArdidiy e the gyesert; ipMBrdrcnl]CRelfewrsiphetiocal

aberration, astigmatism and distortion, respectively, caused by the zoom
lens in t%&g't Ei'rg?‘&n‘ﬁ(?&f“mgﬁf‘ssgﬁsi A Bepiedare SAagstedentogabupehBilh. aFi gs.

12A, 12B ; show spherical aberration, astigmatismand_ distortion,
respecti vgpg,ljcégﬁes CBQat ﬁ%n§o%t?ﬁq%ﬁ5§°‘ Ahe RPSHiei Ve tdvigshilesst gseupi n t he

I ongest f ggal aL?Qﬂ&gd 19 98 o HA: £re an object side toward an image

i side. The first lens group GR1 includes a negative first single
lens G1 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 facincj 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, astigmati-sm
and distortion, respectively, caused by the zoom lens in the
third embodiment set in a middle shortest focal length. Figs.
124, 12B and 12C show spherical aberration, astigmatism and

distortion, respectively, caused by the zoom lens in the third
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and 12A, the ratio of spherical aberration to F-nunber is neasured on the
vertical axis, deviation froman accurate focus is neasured on the

hori zontal axis, and a continuous line, a broken line and a chain line are
for the DIline, the Cline and the Gline, respectively. In Figs. 10B, 11B
and 12B, image height is neasured on the vertical axis, focus is neasured
on the horizontal axis, a continuous line indicates a sagittal inmage
surface, and a broken line indicates a neridional imge surface. In Figs.
10C, 11C shgporidentmsgs heigie licengmss fechl Qenghe ,Verhi©als axi¢a, ang

di stortion percentage is neasured on the horizontal axis. Table 3 shows
data on t R8dzdah irattiee athisphem chbddebeprat16nTabl e-3umbata 1@n Zoom
Lens FNo.=2.85-3.67-5.15 f=5.25-8.82-14.86 w=33.56-20.42-12.27 Surface
No. R D NBe@gurped 23 thygversscal 83560 d8vD80ioR fromdId abdatde rbbasd92
(ASP) 1.000 1.52470 56.236 4: 17.746 (ASP) 0.000 5: 10.860 1.800 1.84666
23.800 6iS3megsyrefl spqtheqhpgizontal 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. 1In Figs. 10B, 11B and 12B, image
“height is measurgd 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. 1In 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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300 7: 5.768 ASP 1.985 1.52470 56.236 8: -20.077 (ASP) 0.100 9: 5.717
575 1.75500 52.300 10: -9.506 0.500 1.68893 31.200 11: 3.194

529-8. 154 14.286 12: 32.463 (ASP) 2.000 1.52470 56.236 13: -10.110
.300 14: INFINITY O0.700 1.51680 64.200 15: INFINITY 0.600 16: INFINTY
.500 1.56883 56.000 17: INFINITY Surface No. K A4 A6 A8 Al 3 1

. 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 0.227421 E- 05
-0.290975E-05 0. 779030E-06 8 1 0. 552fi5}E43 0. 485357E-05 -0. 180632E- 05
0.110846E-05 12 1 -0.910051E-03 0. 696968E-04 0.494248E-05 0. 135280E-06 In
Tabl e 3, Bdda ghehovrad dnsnunber, f denotes focal |ength, w denotes half
field angle, R denotes radius of curvature, D denotes distance between

| ens surf&ﬁhss=ﬂB5ddh6Ve§in5fractive index for the D1ine, and vd denotes

coraroO

Abbe' s nunber. Surfaces 17 wth "(ASP)" are aspheric surfaces. The shape
of the aspred.i2b - 882+ ddeB6 s expressed by Expression (1).
o = 33.56 - 20.42 - 12.27
Surface No. R D ND wvd
1: 43.798 0.550 1.83500 43.000
2. 6.071 1.587
3 114.492 (ASP) 1.000 1.52470 56.236
4 17.746 (ASP) 0.600
y b 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: 5.717 1.575 1.75500 52.300
10: -9.506 0.500 1.68893 31.200
) 4.529-8.154 -
1: :
3.194 14,286
12; 32463 (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
SurfaceNo. | « Al Ab A8 Al -
3 1 0.906899E-03 | -0.840632E-04 | 0.435915E-05 | -0.925116E-07
4 1 0.572459E-03 | -0.687373E-04 | 0.472822E-05 | -0.121438E-06
7 1 -0471918E-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| -0.910051E-03 | 0.696968E-04 | -0.494248E-05 | 0.135280E-06.

In Table 3, 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. Surfaces
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Fourth Enmbodi nent Fig. 13 shows the construction of a zoomlens in a fourth
enbodi nent according to the present invention. Referring to Fig. 13, the
zoom |l ens has a negative first lens group GR1l, a positive second |ens
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 GRl includes a
negative first single lens O having a surface having a | arge curvature
and concave . tqwgrg the i mage side, a negative second single | ens & having
an aspher i"C-%Ur £488 ) f aBFRg? thRST Hgeisiareand They sbapef of Hiasspheric

mat eri al , Satlprckaraepcasi tive third si ngl e lens G3. The second lens group GR2

i ncl udes & positi ve RIS FeRsPEArrRYeRg1eppédite aspheric surfaces and
formed of a pl asil rial, and a conpound |ens G5/ G formed by bondi ng
t oget her a posi ?%\llil%trsﬂﬂlﬂgnfbé)é]r%%t% and a negative single lens G6. The

‘third | ens group; [ a positive . single [ ens G/ having an aspheric
surface facing ?ﬁgﬁ?éﬁévﬁ?ﬁ:}e EI% .trilﬁ%,lofél E o oIt Llemswis phépnesh
aberratio ' [ [ tion, respectively, caused by the zoom
lens in t%gbfoggﬂe%ﬂ%tﬁbﬁ%ﬂ}gse% q‘{hne ﬁ?@sﬁﬁ R ORM - | BeFERIing §8. 15A,
15B and 13€q4shew, spher i ratron, astigmatism. and distortion,
respecti vel ;7; causgggbgs?ﬁeggggmﬁéén{g N9 e’ e it ALRIR C&dvr An a

mi ddl e shepkest vhosakbohangths ios Gﬁ?éndlgﬁoe 3 f@%?% tsrgng{wg prﬁ%{,&%ﬁ{:}pzoom

aberration, astigmatismand distortion, respe
lens in to&3fourdNgdd 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 GRZ 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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enbodi nent set in the |longest focal length. In Figs. 14A, 15A and 16A, the
rati o of spherical aberration to F-nunber is neasured on the verti cal

axi s, deviation froman accurate focus is nmeasured on the horizontal axis,
and a continuous line, a broken line and a chain line are for the D |line,
the Cline and the Gline, respectively. In Figs. 14B, 15B and 16B, inage
hei ght is nmeasured on the vertical axis, focus is neasured on the

hori zontal axis, a continuous line indicates a sagittal imge surface, and
a _broken lémpdimiiratses drnehedl ongést egeal Swirfqoe. Ik Figs. i14C 132C and

16C, inmage height is neasured on the vertical axis, and distortion

per cent agenids Yfdasuiterl oatiohefhspheoitall akesrafdlne 4 shovmbdat 2 on the

zoomlens in the fourth enbodinent. 19 Table 4 Data on Zoom Lens FNo. =

2.85 - 3. @WasurgBonftse 2813 811 486, deBBabBeR0rhn 22 2dcGtifaddNG R D

ND vd 1: 52.508 0.550 1.83500 43.000 2: 6.004 1.000 3: -174.302 1.000

1. 52470 56-23¢asaress opdhespharigggitl BXi281 andG8 chrdGhmua3.186@:, a
broken line and a chain line are for the D line, the C line and
the G line, respectively. In Figs. 14B, 15B and 16B, 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. 1In Figs. 14C, 15C and 16C, image height is measured
on the vertical axis, and distortion percentage is measured on

the herizontal axis.

Table 4 shows data on the zoom lens in the fourth

embodiment .
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Do- . 13.515-5.431 0.600 7: 6.711 ASP 2.279 1.52470 56. 236 8:
?QS.éég ?ZgP) 0.100 9: 5.875 1.771 1.77250 49.600 10: -7.713 0.500 1.68893
31.200 11: 3.361 5.500 - 9.232 15.552 12: 38.438 (ASP) 2.000.1.52470
56.236 13: -10.974 1.300 14: INFINITY 0.000 1.51680 64.200 15: INFINITY
0.600 16: INFINITY 0.500 1.56883 56.000 17: INFINITY Surface No. K A4 A6
A8 Al 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- #@ble1i4 1 - 0. 810182E- 03 0. 523066E- 04

- ' - . 106517E-06 I n Table 4, FNo. denotes F-num_)er, f denotes
fgégrlﬁggéﬂ—%ga&g%goag O R denot es radi us pf curvat ur e,
ND denotes refractive

hal f field angl e,

we Iens surf aces,
E%edgpﬁfﬁ éﬁ%égggdgﬁ%i g Bobe' s nunber Surfaces wth "(ASP)" ared o
aspheric __§%ﬁf§&sgyaaggpe of the aspheric 20 surface is expressed by
Expressio
o = 33.53 - 20.46 - 12.27
Surface No. R D ND vd
1. 52,508 - 0.550 1.83500 43.000
2: 6.004 1.900
3 -174.302 1.000 1.52470 56.236
4. 26.429 (ASP) 0.693
5 18.281 1.608 1.84666 23.800
. 13.515-5.431 -
6: -116.979 0.600
7. 6.711 (ASP) 2.279 1.52470 96.236
8. -25.957 (ASP) 0.100
O: 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 1.52470 96.236
13: -10.974 1.300
14: INFINITY 0.700 1.51680 64.200
15: INFINITY 0.600
16: INFINITY 0.500 1.56883 96.000
17: INFINITY
Surface No. | « At As A8 Al
4 1 | -0417851E-03 | -0.785782E-05 | 0.388494E-08 | -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,

i ndex for

© 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

with “(ASP)” are aspheric surfaces. The shape of the aspheric
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Table 5 shows data on the factors specified in Ine- qualities (1) to (4) of
enbodi nent .

the zoomlenses in the first to the fourth

I nequal ities First enbodi ment Second Third Fourth
(1) D12/fw 0.0952 0.1002 0.0571 0.1143 2 D2G fw 0.8447 0.9448
(3) TLWfw 5.7143 5.1143 6.0190 6. 7619
0.6469 0.8626 1.0469 As obvious from Table 5,
to the fourth enbodi nent satisfy al
| nequal i t SELTROC ti (appremsesbbhuExpreastbe diagrans showing aberrations,
capabl e of evenly correcting all

enbodi nent
0. 7924 0. 8857

the zoom | enses _ar

The plastic | end&®
enbodi nent y..he r
| enses may b
optical c
been desc

particularity, obviously many chang n
It is therefore to be understood thgébﬁﬁg

e
AR

tics,
S

Table 5
enbodi nent enbodi nent

(4) D23/fw 0.8077
the zoomlenses in the first
t he conditions expressed by

ki nds of aberrations.

%t FRoMSodatensey et factorst spect hitedf dr fhe-

ey

wei ght

pr esent

?Ekace? wi th equival ent gl ass |enses.
' datgehetznamd enses ir hei Harstt tont e Hoalithi t y,

const and such. Although the invention has
preferred enbodinents with a certain degree of
vari ations are possible therein.
i nvention may be

Mat eri al

practiced otherw se than as specifically described herein w thout
departing framthe scope_and spirit thereof.

Inequalities | First embodiment Secqnd Third Fourth

embodiment embodiment embodiment

(1) 'D121fw- 0.0952 0.1002 0.0571 0,143

2) D2G/w (.8447 0.9448 0.7924 0.8857

(3) TLWAw 5.7143 5.7143 6.0190 6.7619

(4) D23/w - 0.8077 0.6469 0.8626 1.0469

of the

As obviocus 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,
obviouslynmnychangesandvariationsarepossibletherein. 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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21 Cainms: 1. A zoomlens having an optical axis and conprising from an
object side to an image side: a negative first |ens group capable of being
noved for zooming ; a positive second |ens group capabl e of being noved
for zoomng; and a positive third lens group ; wherein the zoom | ens neets
conditions e&peéssed by inequalities: 0.02 < D12/fw < 0.13 (1) 0.5 <
D2C:‘y’fw<0.?5(21)41 5 < TIWfw<8 ......... (3) where D12 is the m ninmum

di stance on the Opti%¢Hl akis BRYiReEn atheorbstabprixca sudf awepofisting fir st
| ens group faod tdhe &ib§sEt optiiggal ¢ surfac ~the  second |lens.grouyp, D2Gis
a di stance ?etmeen firit and | ast %pﬁﬁcaﬁng%?fgggg'ofitﬁ%g%g%g%d%ﬁéﬁg
group, TLWiS"ThBropPi €aPabPéRgPA bfingemoredmibenzoshdmngset ot @dsie ishort est
focal |engtbBecand 1 i test al.length. .2.. The zoom | ens
according to clain]%?smﬁg%g?n%gﬁﬁ?ggéfﬁgg%%f%ﬁ REeLohBENERPTBASeSMEf t he
first, the 3ckohdtarrRl thiedt hérd gemspgroup is a plastic lens. 3. The zoom
| ens accordi ng tchﬁgfgfﬂltgé %bth rein the first lens group includes a
first lens having a negative -refractihd'pover candiFbphedesprasprdsibive

mat eri al, alBedeabitiems having a negative refracting power and forned of

0.02 < Dl2/fw < 0.13 ..., (1)
0.5 < D2G/fw < 0.95 ..., (2)
5 < TLW/fw <8 (3)

where D12 is the minimum distance on the optical axis
between the last optical surface of the first lens group
and the first optical surface of the second lené gfoup,
D2G is a distance between first and last optical surface
of the second lens group, TLW is the optical length of the .

zoom lens when set to the shortest focal length, and fw

is the shortest focal length.

2. The zoom lens according to claim 1, wherein at least
one of the 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 and formed of a plastic material, a second

lens having a negative refracting power and formed of
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A a plastic material and a third I ens having a
positive refracting power; and the second lens of the first |lens group
has at | east one aspheric surface. 4. The zoomlens according to claim1, 2

or 3 furtheé Go rising a shadi ng nenber di sposed between the second and
the third Ien%’ﬁg%mE Fedbdé t3e i vt ehlity dfenlsi ghavingachi pgsanivemge
sensor whi |l eefhect epsaAsor d n..J i gnal ;. and eting. a

condi tion ex rességﬁ%ypan inéﬁﬁﬁl??g:sﬁ¥gﬁgﬁ wk %hf ﬁ?liﬁs lGkere D23
is a mni YiRthit ol aaret opte cadplaedsc detmwen the |ast optical surface
of the second lens group and the first optical surface of the third | ens
group, and fwis the shortest focal length. 5. An inaging device
conprising:4a.25Bﬁ1P@NBHabemsdbmgthﬁjaﬁyt@fcubgmchgin§ grtq34fgpg?@p i mge

o b BTG SR RIS LR O e
and the third lens group to reduce the intensity of light
reaching an image sensor while the image sensor reads an
image signal; and meeting a condition expressed by an
inequality:

0.5 < D23/fw < 1.1 (4)
where D23 is a minimum distance on the optical axis
between the last optical surface of the second lens group
and the first optical surface of the third lens group,

and fw is the shortest focal length.

5. An imaging device comprising: a zoom lens according to
any of the claims 1 to 4 and an image sensor capable of
converting an optical image formed by the zoom lens into a

corresponding electric signal.
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