S04P1236W)00 Speci ficati on ZOOM LENS AND | MAG NG

DEVI CE Technical Field The present invention rel ates
to a zoomlens and an inmaging devi ce equi pped
therewith, said zoomlens being suitable foB04pE236WO00
I magi ng optical systemof digital input and output
devi ces such as digital still caneras and digi- tal

vi deo caneras on account of its conpact size and vari -
abl e power. Background ALl sRecen, years have w t nessed
the wi de diffusion of“?ﬁ§“‘?ﬁﬁ§?ﬁg devi ces, such as
digital still caneras, which are equipped with a
solid-state imging elenent. Digital still cameras
are required tZ&OPM\AENH ANPH IMRAEENGREELCRial ity as
~they becone popul ar nore than before. Particularly,
those digital still cameras equipped - wth a

nghhd state kﬁaglng el enent having a | arge nunber of

ISERUL A hee® %h inmging lens, especially a zoom | ens,
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required to be small in size, and hence there is a

isbyong denhrd cheh pgedmahérsiizegh hisghid pebhol &me de izeOM
| ens. (See Japanese Patent No. 2750775 [ Patent
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made to reduce the size of, the zoom/lens in the
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axsv with a prisml SO4P1:§GVCOO

€0 cameras on alcdunt of its compact size and vari-

able power.

Background Art

Recent years have witnessed the wide diffusion of the
imaging devices, such as digital still cameras, which are
equipped with a solid-state imaging element. Digital still
. cameras are required toc have an improved image quality as
they become popular more than before. Particularly, those
digital stiil cameras equipped with a sclid-state imaging
element having a large number of pixels need an imaging
lens, especially a zoom lens, with good image-forming per-
formance. They are also required to be small in size, and
hence there ié a strong demand for a smail-size high-
performance zoom lens, (See Japanese Patent No. 2750775
[ Patent document 1] ) ©On the_oﬁher hand, attempts are being
made to reduce the size of the zoom lens in the direction

of optical axis by bending the optical system with a prism



inserted between | enses. (See Japanese Patent

Lai d- open No. 246318-1996 [Patent docunment 2])
Insertion of a prismis a very effective way to reduce
the lens dianmeter and length (or to reduce tH@dRMVETEEI000
|l ens size) for the optical system having the positive
refracting power at the object side and the negative
refracting power at the inmage side, in the case of
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film Unfortunately, it does not permt mcrolenses
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because m crol enses have the exit pupil near the
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(which is disclosed in the patent docunent 1),
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group as the last lens group which is limted in
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extremely varies in going from the image center to the

image edge.

The object of miniaturization is not fully achieved in
the optical system equipped with a2 solid-state imaging
element (which is disclosed in the patent document 1),
because the optical system employs a negative lens group as
the last lens group which is limited in power. The object
of miniaturization is not fully achieved either in the
optical system disclosed in the patent document 2, which is
designed to reduce the size in the direction of the optical
axis by bending the optical axis with a prism inserted in
the positive-negative-positive-positive zocm type, because

the optical system employs a front lens and a reflecting

- member which are large in size.



S04PE236WOO0 Di scl osure of the Invention The present

i nvention was conpleted to address the
above-nmenti oned probl ens. Thus, the present invention
is directed to a zoomlens and an i magi ng degfge236WO00
equi pped therewith. The zoomlens is conposed of a
plurality of 1lens groups arranged at variable
intervals and hence is capable of power variation.
pNBEEOyEFe df WMRNUAWBEtAche- flecting menmber to bend
the optical axis, and its lens groups are
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fromthe object side) consists of a negative lens
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vari able intervals and hence is capabl e of power
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characterized in that the last | ens group (counted

teohirheremilsirede BpEe) thasort itedarkiér r efd atts nePovner
‘and _consists_of a.negative |le grou nd a positive
IFRRS GRUE WPERCRAZCR 1| Sy TSt APBbsbd beTvieEh
: ' t rangedef 1 RP]
EBSReTLR, Bhe, SBOUE LAY ciaRenel maTe e
gtber &M Id ©dsensveyséei gadude wilthi ahusi Z eth phd itrher-
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the object side. .

In addition, the present invention is directed to a
zoom lens and an imaging device eguipped therewith. The
zoom lens is composed of a plurality of lens groups ar-
ranged at variable intervals and hence is capable of power
variation. Moreover, it has the lens groups which are
characterized in that the last lens group (counted from the
object side) has a negative refracting power and consists
~of a negative lens group and a positive lens group, with an
air layer interposed between them, which are sequentially
érranged from the object side.

The advantage of the present invention is that the
‘entire lens system can be miniaturized and the position of
entrance pupil can be placed away from the image plane.

This leads to size reduction and thickness reducticn for



.This leads to size reduction and thickness reduction
for 3 S04PI 236W000 the zoom | ens and the i maging

devi ce equi pped therewith. Brief Description of the
Drawi ngs Fig. 1 is a di agram showi ng the | en§04P1236W000
arrangenment of the zoomlens in the first exanple,
which is adjusted to the end position of the short
-focal length. Fig. 2 is a diagram showi ng the |ens
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which is adjusted to the end position of the short
focal length. Fig. 3 is a diagramshowi ng the |ens

arrangenent of the zoomlens in the third exanple,
BrAEEhPescripiqne@ft fhet Reawiii$ositi on of the short

focal. |l engt,h. Fig. 4 is a diagram show ng the |ens
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- showi ng the aberrations which the zoomlens in the
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the end position of the short focal length.

Fig. 4 is a diagram showing the lens arrangement of
the zoom lens in the fourth example, which is adjusted to
the end position of the short focal length.

Figs. 5A to 5C are diagrams showing the aberrations
which the zoom lens in the first example experiences when
adjusted to the end position of the short focal length.

Figs. 6A to 6C are diagrams shdwing the aberrations
which the zoom lens in the first example experiences when
adjusted to a position of the intermediate focal length.

Figs. 7A to 7C are diagrams showing the aberrations
which the zoom lens in the first example experiences when
adjusted to the end position of the long focal length;

Figs. BA to 8C are diagrams showing the aberrations
whiéh the zoom lens in the second example experiences when

adjusted to the end position of the short focal length.




whi ch the zoomlens in the second exanpl e experiences
when adjusted to the end position of the short focal
| ength. 4 S04P1236WA00 Figs. 9A to 9C are di agramns
showi ng the aberrations which the zoom | ensS?4PHhEEWO00
second exanpl e experi ences when adjusted to a
position of the internediate focal |ength. Figs. 10A
to 10C are diagrans showi ng the aberrations which the
zoongd £NSs gan thhecseeongh LxamRl eneuRaL! EREeHaeR ions
adj usted to the end position of the [ong focal |ength.
whigBs. tHd Avdom Ik@satne dhagsarmmnds kowinpd et Bepabbsnadd omen
which the zoomlens in the third exanpl e experiences
agheateddjust ewstidirheoénthgosittdrmeddftehéoshbrierfaidal
Iengﬁt:,h. Figs. 12A to 12C are di agrans show ;g) the |
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end mes.tilan eb Lhe dmnglifzgeaks| engihng Ritgs .abk4Aatdons
14C are di agranms showi ng the aberrations which the
wipem thnszdam tlisasf dor the exelins] exexpdei eneesiqiras when
adjusted to_the end posjtion of the short focal
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di agranms showi ng the aberrations which the zoom | ens
atifus ted fraurt poaxampheoxyiey iieneemewtiene focal length.
Figs. 13A to 13C are diagrams showlng the aberrations
which the zoom lens in the third example experiences when
adjusted to the end position of the long focal length.
Figs. 144 to 14C are diagrams showing the aberrations
which the zcoom lens in the fourth example experiences when
adjusted to the end_position of the short focal length.
| Figs. 15A to 15C are diagrams showing the aberrations
which the zoom lens in the fourth example experiences when
adiusted to a position of the intermediate focal length.
Figs. 16A to 16C are diagrams showing the aberrations

which the zoom lens in the fourth example experiences when

adjusted to the end position of the long focal length.

Begt Mode for Carrying OCut the Invention

The invention will be described in more detail with



adjusted to the end position of the long focal |ength.
Best Mode for Carrying Qut the Invention The invention
will be described in nore detail with 5 S04P1236W000
reference to its preferred enbodi nents. The 206234700
denonstrated in the enbodi nents is a conpact one
intended for use with inmagi ng devices such as video
cameras and digital still canmeras. The present

r’e‘%\é?@h&&”t&%‘t%r Pr 2998y Jerﬁ"@édﬂentt@e UyRE Davh o

plurality of lens groups and varying in power in
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groups, which conprises a reflecting mem ber to bend

 foleusptwiidl imeics ngasisiviiges hswaighest ve deensamgr mupsdand
a last lens group (counted fromthe object side)
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i ca equi pped i magi ng el ement whic

beenyes tisnd h.@en@sptglrﬁﬁbsl, rrmgﬁcrf AdmdiBys bhee ZDoOdh IreNsem-
into electrical signals. In the zoom|ens according to

behetpriegehtthenopdineht axis mdsamyg ghoopghshioel ens
preferably be constructed such that the first |ens
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rhﬂ§e@ fegibntially from the object side). The present
invention also covers an imaging device equipped with an
imaging element which converts the optical image formed by
the zoom lens into electrical signals.

In the zoom lens according tc the present embodiment,
the iens groups should preferably be constructed such that
the first lens group (counted from the okbject side}) is
stationary and contains sald reflecting member. Moreover,
in the zoom lens according to the present embodiment, the
lens groups should preferably be constructed such that the
last lens group (counted from the object side) has a nega-
tive refracting power.

In the zoom lens according to the present embodiment,
the negative lens group of the last lens group should pref-

erably satisfy the condition defined by the inequality (1)

below.




tive refracting power. In the zoomlens according to
the present enbodi nent, the negative |ens group of

the last lens group should pref- erably satisfy the
condition defined by the inequality (1) bel 8MPB236WO00
SO4P1236W00 0.9 < Ifa/fw < 1.25 where, fa denotes

the focal length of the negative lens group in the

| ast | ens group, and fw denotes the focal Iength at

its widegegd. The,fnequal ity (1) given above defines
the focal length of the negative lens group in the
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"the lower Iimt of the inequality (1), then it would
gbeudi ihi the tlask densegrothe amtige dematandthdefocal
chromatic aberration of magnification. |[If the foca
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Incidentally, in the case where a prismis used as
inheguaiftectling thenbér wooelddmd didgiopliicab axissct tthies
desirable to select one which is nmade of glass wth a

SAPPNCPEE rand i€ FREBRE T EXEMPLIES) oPACHeBR e b T 18 -
Igi¥gg g%é¥Nfg;g Eeigxfgpégé éﬂa&'%Ee upper limit of the
inequality {1), then the negative lens group has a weak
power which prevents miniaturization.

The zoom lens according to the present invention may
be composed of a plurality of lens groups alone,'with the
above-mentioned reflecting member omitted. Incidentally,
in the case where a prism is used as the reflecting member
to bend the optical axis, it 1s desirable to select one

which is made of glass with a high refractive index.

(EXAMPLES)

A description is given below of the examples of the
present invention. Fig. 1 is a diagram showing the lens
arrangement of the zoom lens in the first example. The
arrows in the figure represent the loci along which the
lens groups move in going from the wide end position to the
tele end position. The zoom lens in the first example

consists of a first lens group GR1l. (positive), a second



_present invention. Fig. 1 is a diagramshow ng the
| ens arrangenent of the zoomlens in the first

“exanple. The arrows in the figure represent the |oc
~along which the |ens groups nove in going feoaPidBEWO00

wi de end position to the tele end position. The zoom
lens in the first exanple «consists of a first |lens
group GR1 (positive), a second 7 S04P1236W000 | ens
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sequentially from the object side. The first |lens
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group GR4 consists of a positive lens &8 having an
‘asphigra cakosdr Lace atourth&Rabjceotistdecrd regeagati Lens
lens &, which are cenented together. The fifth |ens
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fourth lens group GR4 consists of a p051t1ve lens GB having

an aspherical surface at the object side and a negative

. lens GY9, which are cemented together. The fifth lens group

GR5 consists of a negative lens G10 and a pesitive lens Gl1,
which are cemented together, and a positive lens G1l2.
Incidentally, “LPF” denotes a filter, “CG” dencites a cover
glass, and “IMG” denotes the receiving surface of the imag-
ing element.

Fig. 2 is a diagram showing the lens arrangement of
the zoom lens in the second example. The arrows in the
figure represent the ioci along which the lens groups move
in going from the wide end position to the tele end posi-
tion. The zoom lens in the second example consists of a
first lens group GR1l (positive), a second lens group GR2Z

(negative), a third lens group GR3 (positive), a fourth

~lens group GR4 (positive), and a fifth lens group GRS



Fig. 2 is a diagramshow ng the | ens arrangenent of

the zoomlens in the second exanple. The arrows in the
figure represent the loci along which the | ens groups
nove in going fromthe w de end position toS@halaEweo0
end posi- tion. The zoomlens in the second exanpl e
consists of a first lens group GRL (positive), a
second | ens group GR2 (negative) a third |l ens group
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bgggsgséggof a negative lens &4, a negative |ens G5,
a positive lens G5, which are cenented together.
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aspherical surfaces on both sides. The fourth | ens
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The fifth lens group G5 consists of a negative lens G1l0 and
a positive lens Gll. Incidentally, “LPF” denctes a filter,
“CG” denotes a cover glass, and “IMG” denotes the receiving
surface of the imaging element.

Fig. 3 ié a diagram showing the lens arrangement of
the zoom lens in the third example. The arrows in the
figure represent the loci along which the lens groups move
in going from the wide end position to the tele end posi-
Vtion. The zoom lens in the third example consists of a
first lens group GR1 (positive), a second lens group GR2
(negative), a third lens group GR3 (positive), a fourth
lens group GR4 (positive), and a.fifth lens greoup GRS
{(negative}, which are arranged sequentially from the object
side. The first lens group GR1 consists of a negative lens
Gl, a rectangular brism G2 to bend the optical axis through

80° and a positive lens G3 having aspherical surfaces on



figure represent the [ oci along which the | ens groups
nmove in going fromthe wide end position to the tele
end posi- tion. The zoomlens in the third exanpl e
consists of a first lens group GRI (positiva)4Pl@36WC00
second lens group GR2 (negative), a third |l ens group
GR3 (positive), a fourth lens group G4 (positive),
and a fifth lens group GR5 (negative), which are
_b?Eﬁanﬁgspequentially fromthe object side. The first
ens group CRI consists of a negative lens Gl, a

rectaRggkabndr iem Grdud ndcbhei opd i ala gt beoughs
90', and a positive I ens G3 having aspherical surfaces
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glass, and “IMG” denotes the receiving surface of the imag-
ing element.

Fig. 4 is a diagram showing the lens arrangement of
the zoom lens in the fourth example. The arrows in the
figure represent the loci along which the lens groups move
in going from the wide end position to the tele end posi-
tion. The zoom lens in the fourth example consists of a
first lens group GR1 (positive), a second lens group GRZ
(negative)}, a third lens group GR3 (positive), a fourth
lens group GR4 (pesitive), and a fifth lens group GRS
(negative), which are arranged sequentially from the object
side. The first lens group GR1 consists of a negative lens
Gl, a rectangular prism G2 to bend the optical axis through
90°, and a positive lens G3 having aspherical surfaces on

both sides.

The second lens group GRZ consists of a negative lens

10



figure represent the loci along which the | ens groups
move in going fromthe wide end position to the tele
end posi- tion. The zoomlens in the fourth exanple
consists of a first lens group GRL (positive)4PE236WO00
second lens group GR2 (negative), a third | ens group
CGR3 (positive), a fourth lens, group GR4 (positive),
and a fifth lens group GR5 (negative), which are

i al.| t ject . side. i1 st
c3l rangs %‘%l Uisalkky Lram aﬁ‘ﬁ%fé%txﬁ%s lepd! g8; Cgﬂ?f%ﬁ'arr%

I"éns gr consi §ts of ens

ceREhaBgUL e fHd:SM GRet nbeath e pRIUCaR3aXESa tHsDUGRe
90, and a positive lens G3 having aspherical surfaces
lens bBothaswirtessphkeisetondrienss gmoptERAidensi stiss of

a negative lens 10 S04P1236W000 .. (4, a negative | ens
fggrthndems posivn &4l eaBSGBES v ch P&ﬁétiﬁéngﬁ%o% having
: toget er, The t&ird | ens. grou ositive . lens
26798 - g

GR3 i
BOP Lo HETPCRI 2EurRaceR ST BIER SPfes, Pegrcive
1B %g, F0L0UP G FORSE SISl @ RAST EL¥En! 85 Goup

an aspherical ‘surface at the object si

GREJAbAYEstd &Y s Beghhi 68 BELs CEIMENRIR ot pest heve ¥ Gi1,
fifth |l ens group 8R5 consi sts of a negative |ens GLO

wahdh aa postdniargedensgtther, Wind e gosicénenleds t@hetHering
and a positive |lens Gl2 having an aspherical surface
agt aspepbjalctswgifdee phctemialdgt sidepr" ldehdtrisaldy,

Jilyer, "CG' dengtes a“Coygi | ass, and "I M3 dqu£es
tRE ¥ NAhG Sarfate ofCt HEFTHEG g CeVEReRt2STatitE¥s 1
N A i f i i h
I&%G Ex(g%p%sss rl?:%}é’o'%_»gf%e%fﬁé LeA QS Ok nthen 200 d £IRES |
Tables 1 to 4 below show the specifications of the

zoom lenses in Examples 1 to 4.

Table 1
Table 2
Table 3

Table 4

. Symbols in the tables above mean as follows.
F No. : F number

F : focal length

@ : half field angle

R : radius of curvature

d : distance from one lens surface to next
nd : refractive index for d-line

vd : Abbe’ s number

11



Table 1 Table 2 Table 3 Table 4 Synbols in the

t abl es above nean as follows. F No. : F nunber F
focal length .0) : half field angle .R : radius of
curvature d : distance fromone | ens surfacestoPTEXEWO00
nd refractive index for d-line Vd Abbe's nunber 11
S04P1236WX00 ASP : aspherical surface The shape of the
aspherical surface is defined by the for- mula bel ow

Dl + Y., Jf-1-E Y2" C2 where, x : distance
A%Foﬁf%%%ﬁ%%ﬁ%a%<%ﬁxf%ﬁ§ | ens surface neasured in the
TOR kR&be 8¢ Sctnk %%F%Ekiﬂgﬂ_sékﬁﬁﬁadéq @i hegtbPNthe for-
perpendi cular to fthe optical axis C: paraxial
molevBEéUse. measured at the lens vertex E conic

const ant '

2 2
¥ = y -c F 4T

f1+ﬁ1—8j}'&

where,

X : distance from the vertex of the lens surface measured
in the optical axis

y : height measured in the direction perpendicular to the
optical axis

C : paraxial curvature measured at the lens vertex

€ : conic constant

h

A* : the it aspherical ceonstant

Table 5 below shows the value of fa/fw in the inequal-
ity (1) given above which is applicable to each of Examples

1 to 4.

Table 5
inequality (1) Example 1 | Example 2 | Example 3 | Example 4
fa/fw 1.045 1.113 0.988 1.157

Figs. 5A to 16C show aberrations observed in Examples.
Figs. 5A to 5C are diagrams of aberrations in Example 1,
with the zooﬁ lens being adjusted to the end position of
the short focal léngth.

Figs. 6A to 6C are diagrams of aberrations in Example 1,
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the ith aspherical constant Table 5 bel ow shows the
value of fa/fwin the inequal- ity (1) given above
which is applicable to each of Exanples 1 to 4. Table
5 Inequality (1)Exanpl e | Exanpl e 2Exanpl e 3Ex@4Fil2864000
fa/fwl. 0451. 1130. 9881. 157 Figs. 5A to 16C show
aberrations observed in Exanples. Figs. 5Ato 5C are

di agranms of aberrations in Exanple 1, wth the zoom

W;EHS? ig&nﬁ%ﬁét sgi%g\ Lhe, and ReSLT (0B; Pfop T ot

oca engt Fi gs. to 6C are diagrans of

iAbeFmadi Ons fokakbxasphenl, 12 SO4P1236W00 with the
zoom | ens being adjusted to a position of the

Fios$ ernediat’€ boeabibengtdh.ofFiaperraAivos 701 di:eardilaglans
of aberrations in Exanple 1, wth the zoom|ens being

WP Ut AW LRBSehE1pDsidiwitest tor hBe| oG Fotidiion of
engt h. Figs. .8A 8C are diagrans of aberrations in
t%&a %{%%égimﬁFﬂg%ﬁe zoom | ens being adj usted to the
r£8dl. Posild @p abe LDE,SHN lod QRAL-LERgAD. s i f%medA bO
9C are diagrans o aberrations in Example 2, wth fhe
wZOOMHEodaeilngsade Uss e tadpasi thenewd gdition of
internmedi ate focal length. Figs. 10A to 10C are
tike agjrarts fwicadbéengthons in Exanple 2, with the zoom

| ens being adjusted to the end position of
Figs. 9A to 9C are diagrams of aberrations in Example 2,

with the zoom lens being adjusted to a position of the
intermediate focal length.

| Figs. 10A to 10C are diagrams of aberrations in Example 2,
with the zoom lens being adjusted to the end position of
the long focal length.

Figs. 11A to 11C are diagrams of aberrations in Example 3,
with the zoom lens being adjusted toc the end position of
the short focal length.

Figs. 12A to 12C are diagrams of aberrations in Example 3,
with the zoom lens being adjusted to a position of the
intermediate focal length.

Figs. 13A to 13C are diagrams of aberrations in Example 3,
with the zoom lens being adjusted to the end position of
the long focal length.

'Figs. 14A to 14C are diagrams of aberrations in Example 4,
with the zoom lens being adjusted to the end position of
the short focal length.

Figs. 15A to 15C are diagrams of aberrations in Example 4,
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the long focal length. Figs. 11A to 11C are diagrans

of aberrations in Exanple 3, wth the zoom I ens being
~adjusted to the end position of .the short focal

l ength. Figs. 12A to 12C are di agrans of abesoariah&io00

in Exanple 3, .with the zoomlens being adjusted to a

position of the internediate focal |ength. Figs. 13A

to 13C are diagrans of aberrations in Exanple 3, wth

J tien
i FESGErala iRty dyEeeag TG IRt o igi
1@Ee§ﬁgaggﬁé0f§bdﬂ1l%&@HHLe 4, wth the zoom | ens being
adjusted to the end position of, the short foca
FHigrgt heAFtgsl6d SAet didbEams eofli sigyratm iohsaber Essmmhs 4,

in Exanple 4, 13 S04P1236WO00 wi th the zoom | ens bei ng
wa@puéb@dzmn alqmsubﬁlag afijepeed |t dheedndt eofbehpn of

k n F gs 16A o 16C are diagrans of aberrations
fi EQHﬁp &%l TSR t he zoon1|ens bei ng adj usted to

h
the ﬁ(‘dcrpﬁg’%fa' ngoghox}%% Tgilaliq Jeagal o %f”%%%a!&éﬁle the

di agram's the's erration

oRbdhRat ers@prAsant %htahgatﬁél o lihd RpeapenvyEival ey and
the abscissa represents the defocus, and the solid

absne$sbrr¢@mEsdntmethandefhamm,IaﬂuatmepeeSEﬂtllne, broken
respectively spherical aber- ration due to d-Iine,
léngp nand gelthig: |liipe. TPArehenti BFRentisRéW ﬁ@htwecal aber-

rg%ﬁég"g&é S8 d18n2) do0PE Se T eI B! MO Ll B qiagran
show1ng the astigmatism, the ordinate represents the image
height and the abscissa represents the focus, and the solid
iine and broken line represent respectively the sagittal
image surface and the meridional image surface. In the
diagram showing the distortion, the ordinate represents the
image height and the abscissa represents the distortion (%).

The zoom lenses according to the first to fourth exam-
ples satisfy the inequality (1) &as shown in Table 5. As
shown in each diagram of aberration in the Example, each
aberration with the zoom lense being adjusted to the wide
end position, the intermediate position (between the wide
end position and the fele end pdsition), and the tele end
position is properly corrected.

The foregeing description is about scome preferred
embodiments of the disclosure of the invention and it is
intended that the configurations and structures of all

matter shown as preferred embodiments shall be interpreted

14



hei ght and the abscissa represents the focus, and the
solid line and broken line represent respectively the
sagittal imge surface and the neridional image
surface. In the .diagramshow ng the dlstort$Qﬁf123ﬁﬂ000
ordi nate represents the inmage height and the abscissa
represents the distortion (%. The zoom | enses

- according to the first to fourth examples satisfy the
abneguadd 3t iGH A8 aBOWN i 1haple 3. sBBsesShown in each
di agram of aberration in the Exanple, each aberration
Wi t ITHdre foaem trasgrdeimy iatdienstied tontiibutiede toenle

. position, the internedi ate position (between the w de
ippyoRRsl o&irvaridlaehef@em@%mﬁrpf@gimtamﬁ) apgdnirhe tuali@a-
end $03|t|on IS proper corrected The f or egoi ng

Ly8Rc?¥ ptitorf a8 &88§t oﬁ’\% e J19BROTAT MR ST

d%ﬁf g% é%f%ﬂj he |nvent|on and it is intended

% he “confi gura ions and structures of all matter
shown as preferred enbodi ments shall be interpreted 14
S04PI 236WD00 as illustrative and not in alimting

Isénsterialhaeipefldcepillbey present invention contributes to
the inprovenent (in image formng performance) and
m niTReureza- lepprpoftalnd ngosm FeAsPTIO Y Usw@nftépn may
video caneras and _digital still caneras. .lndustria

DA I P oPhan B0t I EIRI 96 CEVAFRG Tt RS [rESEAL
Eﬂ’f“éa{moe@:a@%ndbg ngéd[ C\?ik?:{% N9k 20LYREL IIROING oener

evi ces such as caner as an Igita
iMh &80 CRNBIRS Rt bal 5@ 110 e obile phones, personal

computers, and PDA (personal digital assistance).
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1 magi ng devices to be built into nobile phones,

personal conputers, and PDA (personal digita
assistance). 15 SO 4PI2 3 6WOOO Clains 1. A zoom | ens
of the type having a plurality of lens group84@hiB6wWo00
‘varying in power in response to variation in

interval s between the | ens groups, which conprises a
re- flecting nmenber to bend the optical axis passing
through the lens groups @andpa | ast |ens group

(counted fromthe object— side) which is conposed of a
negative lens group and a positive lens group, with

an air layer interposed between them (arranged

sequent ifalzZopmf Aenst A€ b eotPesinde)ng2a Fheralgdm leéndens
as defined in Qaim1l, wherein the |ens groups are
IEGHRE r Y SR IUCH LRaPOFRE 17 rASHAERS GPolpTigchitihtiéy

&"t??lé ?g é’é’éwee%u sclhge)lel?% 3 Ogson%;}pgcgnggg@ptg%p , 3 d

I ens as 'ne

f@e@tﬂh&amé&&%&e't% hed l:ﬁ@soggt{i%éqs a3i& 598§1ﬁ&%r%u%§h°h
t side

that last lens group (counted fromthe objec
thaslanfnegatupse ahelf bathbtgl erpWwtcupd.{cAurieed fads tife

the type having a plurality of lens groups and
chaegtngide pdvich iin respossd afo a\/allelgattﬂ-@ﬁ lens group and
interval s between the | ens graoups, ¢ch conprlses

3 Bgfl“r‘é“nsleg“rso@ﬁo(l@ouﬂ%%‘a Ft om™ H@YSEJ éEFeﬁ?%seej mt&ﬁen
chEns PAPAARAA ALaeNEIRLL Y el ANl QR AL BaPOS T VE

ens group, |'ayer 1 nterposed ween them
(arranged sequentlally

2. The zoom lens as defined in Claim 1, wherein the
lens groups are constructed such that the first lens group
(counted from the object side) 1s stationary and contains

" said reflecting member.

3. The zoom lens as defined in Claim 1, wherein the
lens groups are constructed such that last lens group
{counted from the object side) has a negative refracting

power.

4. A zoom lens of the type having a plurality of lens
groups and varying in power in response to variation in
intervals between the lens groups, which comprises a last
lens group (counted from the cbject side) which is composed
of a negative lens group and a positive lens group, with an

air layer interposed between them (arranged sequentially
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16 S04P1236W000 fromthe object side). 5. The zoom

lens as defined in Caim1l, wherein the | ens groups

are conposed of five lens groups. 6. The zoomlens as
defined in Claim4, wherein the |l ens groups 8f&P1236WO00
conposed of five lens groups. 7. The zoom | ens as
defined in daim1l, wherein the negative |ens group

of the last lens group satisfies the condition

rdehi 0gd Hyjddre dirrquality (1) below 0.9 < Ifa/fw <
1. 25 where, fa denotes the focal |ength of the

negative lens group in the last |ens group, and fw
denotes the focal Ilength at its wide end. 8. The zoom
| ens®as Wef izeed Lang % rﬁlmfmﬂe}erieu flabe 1negansia keas
lgroug of the |ast Iens g satisfies the condition
8fi Aed By d'te qOngaaaPl. %‘5 PEGWITE B S« |fa/fwl <
1.25 where, fa denotes the focal length of the
negative lens group in the last | ens group, and fw

denog es 1ihe shesal end engtde Alheldt $nWedei RN, WherAin the
i magi ng devi ce equi pped with a zoom | ens haV|ng a

lpharatétys afrd enspgeedpst afidvey dreyisngrboppower in
response to variation in intervals between the |ens
groups and al so 17 SO4P1236W00 equipped with an

i magj n | ement to conve e
QL gT%e Zoom iens as Jéflﬂed falm 1, wherein the

negative lens group of the last lens group satisfies the
condition defined by the inequality (1) below.

0.9 < |fa/fw] < 1.25
where, fa denctes the focal length of the negative lens
group in the last lens group, and fw denotes the focal

length at its wide end.

8. The zocom lens as defined in Claim 4, wherein the
negative lens group of the last lens group satisfies the
condition defined by the inequality (1) below.

0.9 < |fa/fwl < 1.25
where, fa denctes the focal length of the negative lens
group in the last lens group, and fw denotes the fecal

length at its wide end.
9. An imaging device equipped with a zcom lens having

a plurality of lens groups and varying in power in response

to variation in intervals between the lens groups and also
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i mages formed by said zoomlens into electrica

'signals, wherein said zoomlens conprises a

reflecting nenber to bend the optical axis and a | ast

| ens group (counted from the object side) Wit Z3$WCO0
conposed of a negative lens group and a positive |lens
group, with an air |ayer interposed between them
(arranged sequentially fromthe object side). 10. The

eHIBGLAY W G8 38agdehl Nelthadh Ol FolyveWhergd hpdite

'ens groups are constructed such that the flrst | ens
igaeep fooet g baom tben abjractinsiode)l et sr 54l | Dinaray sand

contains said reflecting nenber. 11. The i magi ng
whevd pe ssiddaoonedens GepThseEs wherdilactine nemeytoups

are constructed such that |ast |ens group (counted

PRt PRIBIEL 25T BeFPh s 1R TedaPF v@eré?ré\%@mFged Erom
tﬁg\’\gkg:heCt ]slz_Lde) whﬁfglg'a{@ Qo?ngafo e LAY QpSQ & %.oﬁ‘roup

éns hav- 3°6ns "grolips an varyi

ah® PYPWYi diRe léﬁ§p89§@bt‘%ﬂﬁﬂwa%tb99 leéPtfﬂﬁgﬂﬁ%sed
between the | ens groups and al so equi pped with an

bé g m e Naftrahge 8 csrardnidikza 1 yofitbfat hé negesctf arined .
by said zoomlens into electri.cal signals, wherein
said zoom | ens conprises a last |lens group (counted
fromthe object side) which is conposed of .a nega-

tive9-endhgr SBPTH VB&?lFFvgeFéﬁﬁngb§Ha¥W £h 3ﬁeﬁ?+n
R, R S e a2l SEPE PR Tt
gHeY ceAntdef irpefl tHe @r¥dB9.siWRer €kNstationary and

contains saild reflecting member.

11. The imaging device as defined in Claim 9, wherein
the lens groups are constructed such that last lens group
(counted from the object side) has a negative refracting

power.

12. An imaging device equipped with a zoom lens hav-
ing a plurality of lens groups and varying in power in.
response to variation in intervals between the lens groups
and also equipped with an imeging element to convert the
optical images formed by said zcoom lens into electrical
signals, wherein said zoom lens comprises a last lens group
{counted from the object side} which is composed of a nega-
tive lens group and a positive lens group, with an air

layer interpcsed between them (arranged segquentially from
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the | ens groups are conposed of five |ens groups. 14.
The i magi ng device as defined in Caim112, where in

the I ens groups are conposed of five |lens groups. 15.
The imaging device as defined in Claim9, whe?ef3aRE0
negative |l ens group of the last |ens group satisfies
the condition defined by the inequality (1) below 0.9
< Ifa/fw < 1.25 where, fa denotes the focal |ength of

thBecpegat idseidyens group in the last lens group, and fw
denotes the focal length at its wide end. 16. The

i magi ng device as defined in Claim12, where- in the
negative lens group of the last |ens group satisfies .
t he XondiThcohmaei PeedEbyca ke PrEGDARI 1Y FBih&roNnepedn
< J{a/fmﬂ < 1.25 where f$ qiﬁﬁyes the focal |ength of
Phiet MAGAATES BRE CGFBURT Pt He Padf PeMEYrBup, . and

fw denotes the focal Iength at its wide end. 19

14. The imaging device as defined in Claim 12, where-

in the lens groups are composed of five lens groups.

15. The imaging device as defined in Claim 9, wherein
the negative lens group of the last lens group satisfies
the condition defined by the inequality (1) below.

0.9 < |fa/fw] < 1.25
where, fa denotes the focal length of the negative lens
| group in the last lens group, and fw denotes the focal

length at its wide end.

"16. The imaging device as defined in Claim 12, where-
in the negative lens group of the last lens group satisfies
the condition defined by the inequality (1) below.

0.9 < |fa/fw| < 1.25
where, fa denotes the focal length of thé negative lens
group in the last lens group, and fw denctes the focal

length at its wide end,
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