S04P1240 DESCRI PTI ON ZOOM LENS AND | MAG NG APPARATUS
Technical Field The present invention relates to a
zoom lens that is conpact, that has a high variable

rate, and that is well suited for adaptation in 04P1240
phot ogr aphy optical systems of digital input and%4®
out put apparatuses, such as digital still canmeras and

digital video caneras. The invention further relates
to an i mage apparatus using the zoom | ens. Background
Art In recent years, innggdxadagparatuses, such as

digital still caneras, using the solid state inmge
devi ces have been widely spread. Wth w despread use
of such digital still caneras, correspondingly higher

i mage qual i tyZzP8M Hehhriddd IMAGINEr BPRARAUS phot ogr aphy
| enses, especially, zoomlenses having high imging
performance corresponding to solid state imge
eVICGSJEE“i§§ a |l arge nunber- of pixels.are sought

o th a digital still canera having a
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Z&Act,eRsas AL asqngﬂ valRYRbher rat&Chinel egheals well
developnent advances to enhance conpactness in the
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i nserted between |enses and the optical systemis
Pieqittaly ahpptt and apamede apbrertniaed Pahent Appltazhtsionl
Publ i cati ons Nos. 8-248318 - 1 ,

cameras and digital video cameras. The invention further
relates to an image apparatus using the zoocm lens.
~Background Art

In recent years, imaging apparatuses, such as digital

still cameras, using the solid state image devices have
been widely spread. With widespread use of such digital
stiil cameras, correspondingly higher image quality ié
‘demanded. In particular, photography lenses, especially,
zoom lenses having high imaging performance corresponding
to solid state image devices having a large number of
pixels are sought for the use with a digital still camera
having a large number of pixels. Further, compactness is
strongly demanded, and compact and high performance zoom
lenses are sought. Further, technological development
advances to enhance compactness in the optical éxis
direction in the manner that a prism is inserted between

lenses and the optical system is bent (refer to Japanese

Unexamined Patent Application Publications Nos. 8-248318




S04P1240 and No. 2003-43354, for exanple) However, in
the optical system disclosed in Japanese 'Unexam ned
Patent Application. Publication No. 8-248318,
conpactness is achieved in the manner that a prismis
used in one group of a zoomtype arrangenent ofS04F1240
positive- negative-positive-positive groups to thereby
bend the optical axis. However, since |lenses are
arranged cl oser to the obj ect side than to a

gﬁgh@ptbg@3n§gﬁ ¢lgDL) conpactness cannot be
the optlcaf gs

achieved. In t'em di scl osed in Japanese

UnexBoweesr, Raf ejife Appltshtditdiubliseabked No.Japanese
2003-43354, a prism .having a negative refraction

poweninsddPapesedig iiche inpsPub bijagdiors iNde, 8 whes s,
conpactness of a bent portion is achieved. However,
e tRARs c%)ﬁfﬁ“é}}r&d’teldoﬁnl shefmapnemidat] sadrispels ased
dlgﬁhrag anismis Iar%e and t he dlaghra [
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Hribayestion %a@re@seggnwwﬂge%n ah® gggsmg@d SAlager to
probl ems such as descri bed above. Nbre speciftically,
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a plurality of |ens groups and perform ng zoom ng by
cohaagtmgs arcanmody begrohpedest ance, in which, of the
plurality of |ens groups, A a_ lens group on a nost

obj et Wicderkasad 5?6%?% \ﬁéLSCFI@ﬁﬁacwvéaW dpgxpgined

Pa%égg Aﬁ%ffggé?gﬂ %Eb?ecatlcn(yg 2003-43354, a prism
having a negative refraction power is dispcsed on the most
object side, whereby compactness of a bent portion is
achieved. However, since the configuration is of a minus
lead type, a diaphragm mechanism is large and the diaphragm
mechanism moves along the optical axis during zooming, so
that sufficient compactness for those including a lens

barrel is not sufficiently achieved.

.Disclosure-of Invention

The présent invention is made to solve problems such
has described above. More specifically, the present
invention provides a zoom lens including a plurality of
lens grqups and performing zooming by changing an inter-
group distance, in which, of the plurality of lens groups,
a lens group on a most object side has a positive

- refractive power and is fixed, a reflection member for




- 2 S04P1240 bending an optical axis is provided in
that lens group, and the reflection nenber is forned
of a prism having a : negative refractive power.
Further, an inaging apparatus using the zoon1|en$ .S
provided. In addition, the present invention pro% Y240
a zoom lens including a plurality of |ens groups and
perform ng .zoom ng by changing an inter-group

di stance, the zoomlens being characterized in that a
se&id e iare operber £:0fs hendirbg: add QPtdreAl 1@8%kSgkSup, and
di sposed in a lens group on a nost object side of the
Heurad filey-tabnl easogr dpForinka cefd antiisan haveabes 1S
formed of a prismhaving a negative refractive power,
uktdveapefrarel posiavesn i Sutiked, dur ilmgoiognieprpratus
Further, an inmgi ng apparatus using the zoomlens is
B\ d8¢. zaeBolehhg s #roRddefesent i nvention, by
bending_the . optical system. conpactness in the
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Brief Description of the Drawings FIG 1 is a lens
agoRPitgagrat 21 disaghiaspestdainzconmdrengrogpconds mpsto a
first enmbodinent in a short focal distance )
object side of the pilurality of lens groups, the reflection
member is formed of a prism having a negative refractive
power, and an aperture position is fixed during zooming.
Further, an imaging apparatus using the zoom lens is
provided.

According to the present invention, by bending the

optical system, compactness in the optical axis direction

can be achieved, and a zoom lens excellent in optical

" characteristics can be configured.

Consequently, the present invention enables improving
the imaging performance and achieving compactness of zoom
lenses for use with, for example, video cameras and digital

still cameras.

Brief Description of the Drawings
FIG. 1 is a lens configuration diagram of a zcom lens
according to a first embodiment in a short focal distance

position.




position. S04P1240 FIG 2 is a.lens configuration
diagram of a zoomlens according to a second

enbodi ment in a short focal distance position. FIG 3
is a lens configuration diagramof a zoom | ens
‘according to a third enbodinent in a short focal 804P1240
di stance position. FIG 4 shows various aberration

di agrams of the zoom |ens according to the first

enbodi nent in the short focal distance position. FIG

S Sh@m@.VﬁriQH§]QﬂﬁrE@hkﬁgugéﬂﬂﬁQQEaﬁEaﬁhgf49Qﬂhx$QE%S
according to the first enbodinent in an internedi ate

dooaldigigsttanees posid iepiodFhmEnt6ishowhorar Fedsl distance
aberration diagrans of the zoom |ens according to the
Hegidticsnbodi ment in a long focal distance position.
FIG _7 shows various aberration diagrans of the zoom
| ensFa€cof dihg tiGPEhECREEGHER BB GilRERED| P thez atibrlens

focal.. distance position. FIG .8 shows various .

HEEFFATPoRCdf a‘%n”fn{ ES‘#D DEH@?EBOHI i eﬁﬁfrﬁc?BFaf ng-t P19
@ngdenbodi ment in an internediate focal distance

position. FIG 9 shows various aberration di agrams of

the room 4| 80526698 i H0EEOr tNE 3L69Rgr aiTodiviRNT JoRt
a long focal distance position. FIG 10 shows vari ous
lzper ratbodicly agy ate dfirthee@oofiment in the short focal
distance poSition.

FIG. 5 shows various aberration diagrams of the zoom
lens according to the first embodiment in an intermediate
focal distance position.

FIG. 6 shows various aberration diagrams of the zoom
lens according to the first embodiment in a long focal
distance position.

FIG. 7 shows various aberration diagrams of the zoom
lens according to the second embodiment in the short focal
distance position.

FIG. 8 shows various aberration diagrams of the zoom
lens according to the second embodiment in an intermediate
focal distance position.

FIG. 9 shows various aberration diagrams of the zoom
lens according to the second embodiment in a long focal
distance position.

FIG. 10 shows variﬁus aberration diagrams of the zoom

lens according to the third embodiment in the short focal

distance position.




| ens according to the third enbodinent in the short
focal distance position. - 4 504P1240 FIG 11 shows
vari ous aberration diagrans of the zoom |ens

according to the third enbodi nent in an |nterned|8£ )
‘focal distance position. FIG 12 shows various Pl240
aberration diagrans of the zoom |ens according to the
third enbodinment in a long focal distance position.
Best Mbde for Carrying Qut the Invention An enbodi nent

and exanplessidwd R rRbasesbe AN G agWhht H€ the zoom
descri bed herebel ow. An enbodinment is "characterized

leand hatordiagzoomiensird epbbethéon Nerheintépfiediate
bending an optical axis is included in one fixed |ens

grodp dhavrnge aPposiidnve refractive power, and the
reflectlon menber is fornmed of a prismhaving a
negaft¥e 14 eToatt V@& pBReto VT ise i ppEans O f athzao@ﬁpm

Iens accordln tQ thgﬁﬁgresent enbodi.nent _i ncl a
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dyg%ggbggpgg inpt.er-group distance, in which, of the
plurality of Tens groups, a lens group on a nost

obj ect S|de has a positive refractive power and is
fixed, a reflection nenber for bending an optical axis
Hest ﬂodalﬂ@ﬂ Gaxttiegl ens ghoumveandonhe reflection
menber is fornmed of a prismhaving a negative

r ef r%tﬁw@dﬂmﬁ ang exdslesasd, thheprefdrectinmenrenber

WE?X be ég éﬁﬁgﬁ %grggglow An embodiment is
characterized in that in a zoom lens, a reflection member
for bending an optical axis is included in one fixed lens
group having a positive refractive power, and the
reflection member is formed of a prism having a negative
refractive power

More specifically, a zoom lens according to the
present embodiment includes a plurality of lens groups and
performs zooming by changing an inter-group distance, in
which, of the plurality of lens groups, a lens group on a
most object side has a positive refractive power and is
'fixed, a reflection member for bending an optical axis is
proﬁided in the lens group, and the reflection member is
formed of a prism having a negative refractive pbwer. In
this case, the reflection member may be disposed on the
most obiect side.

In édditiqn, a zoom lens according to the present

embodiment includes a plurality of lens groups and




nost object side. In addition, a zoomlens according

to the present enbodinent includes a plurality of

| ens groups and - 5 S04P1240 perform ng zoom ng by
changi ng an inter-group distance, in which a
reflective nmenber for bending an optical axis j 504P1240
di sposed in a lens group on a nost object side of the
plurality of lens groups, the reflection nmenber is
formed of a prismhaving a negative refractive power,

Yk i nbE 86ABE af\e RREIGE HECaPOs ddrOR b pf hXeda il i NG,
zoomng. In this case, the reflection nenber may be
whisposededbet hitve Mastoeabjfect bendithg Bneberabhy, axis tike
zoom | ens according to the present enbodi nent, an
dippaasgde 1hsa f leted ghonipngnz eondsiy.cdjecadditieonf the
preferably, in the zoomlens according to the present
Rpddilfentt 1ers requesyi Feenedblactionf peredr ofs fprmed

isn&satigfyjn CbnditLonaI_Fx ression gl): 1.7 < Npd
FOfndT P BraTY BhrodSrah [T Jo Wirdree RBUCE: 1 &9 481 i on
ilég:%gﬁegﬁa£$eag5gft§:mef g% ? oxghlres rf%.fxle%chh¥§?<lgn§ J.rng In
nditiona Xpressi on defines the refraction

thidexast, t fige rafdi1ection AEARSF mayn btehaisﬁése&w trae
refraction index of the prismis’lower than or equa
rcetaobowet dsida.t of Conditional Expression (1),
increasing the refraction index of.the prism causes

t he Rrgpientalmla,ofinghhe zoom lens according to the present
embodiment, an aperture is fixed during zooming.

In addition, preferably, in the zoom lens according to
the present embodiment, the reflective member is formed of
a prism satisfying Conditicnal Expression (1):

1.7 < Npd (Conditional Expression (1))
where,

Npd = refraction index of the prism forming the reflective
member.

Conditional expression (1) defines the refraction
index of the reflection member. In the case that the
refraction index of the prism is lower than or equal to a
lower limit of Conditional Expression (1), increasing the
- refraction index of the prism causes the curvature of an
incident surface to be excessively increased, thereby
making it difficult, for example, to correct disteortion and
.image plane and to achieve the compactness,

In addition, the prism preferably satisfies

Conditional Expression (2}:




i ncident surface to be excessively increased, thereby
meking it difficult, for exanple, to correct
di stortion and image plane and to achieve the
conpactness. In addition, the prismpreferably
satisfies Conditional Expression (2): - 6 S04P3%4pl240
1.8 < Npd (Conditional Expression (2)) where, Npd =
refraction index of the prismformng the reflective
menber Preferably, the prism having the negative
refracgi veyppover (&darredapyeptdidign Hoywever, the
prismmay be fornmed by cenenting a lens with a prism -
wheddher, distortion may be corrected using a process
of electric signals. Enbodi nents Enbodinments of the
Yrdsentefiravghon omas lothehdepct shetbritiereithbelkofledliGe
1is a configuration diagramof a zoom Iens according
RPFLLT i rst enbodiment. Arrows in the draw ng indicate
novegen s of respectjve, |l ens grou froma
vvi dePﬁﬁéﬁg%ﬂﬂ pOSi Proi™ Ba‘é”é%l ggté‘ﬁ% ﬁ%fsﬁcit&ﬁ’e

m i to th rst [ [
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GR2, a ‘positive third [ens group GR3, a positive
diciticch ibanga grigdirorcR4reands anflegaidome ski bEhel €disric
group GR5. The first lens
signals.

Embodiments

Fmbodiments of the present invention will be described
hereinbelow. FIG. 1 is a configuration diagram of a zoom
lens according to a first embodiment. Arrows in the

drawing indicate movement paths of respective lens dgroups

from a wide-angle end position to a telescopic end position.

The zoom lens according to the first embodiment is

configured, in order from an object side, a positive first
lens group GR1, a negative second lens group GR2, a
positive third lens group GR3, a positive fourth lens group
GR4, anrd a negative fifth lens group GR5. The first lens
group GR1 includes a brism Gl, which has a negative
refractive power for 90° bending the cptiéal axis, and a
positive lens G2 having two aspheric surfaces.

The second lens group GR2Z includes a negative lens G3

~and a cemented lens of a negative lens G4 and a positive

lens G5. The third lens group GR3 includes a positive lens

G6 having two aspheric surfaces.




group GR1 includes a prism Gl, which has a negative
refractive power for 90 bending the optical axis, and

a positive lens & having two aspheric surfaces. The
second I ens group GR2 includes a negative lens G3_ and
a cemented | ens of a negative lens G4 and a posi £P¢81240
l'ens G5. The third lens group GR3 includes a positive
lens G5 having two aspheric surfaces. S04P1240 The
fourth lens group GR4 is forned of a cenented | ens of

a POl ¥8uLeRs & galehchas; an £C4S
t he objec? sid%,Ezﬁg%aﬁngggt%seﬁ%éﬁgeég.aTﬁééggs?ﬁqens

bENS ity veGREnE NT1 UdRS & GRREBRLeskdIRNS cOkud raggabh e
lens & and a positive lens GlO, and a positive |lens

@] edtading, annd as preyetd veulkaceGbn tthe dhjfent 1shdegroup

FI G 2 shows a configuration diagramof a zoom | ens
Gt ordilvgicoaacerartiRd drpediofent negRtriows lepst B8 and 2
drawi.n i ndi ¢ @f novenent paths_of respective |ens

Bt FERCaC W FRhRgPESERdVBos?RT Gitlt 52X 118l ®&copi ¢
é%ﬁ?%¥$§ %h?@aCWTb E%%pgbng ggggrding to the second
errbodi ment es, in? r

inclu orde Fom an object side, a
posi ke 3ig&8dwd GNBoHEOURr{Hon A IR bY S SAEANT JgNS
group GR2, a positive ?ﬁird I ens Iagroup GR3 having an
Aspieling surfacecoid theoabinest . Simaowe 1ROShE I ¥awing
fourth lens group GR4, and a negative fifth lens
inddgp teRBovahent ipeghs| efsrgspapt GRL lienel yrdess afrom a
cemented lens of a prism Gl, which has an aspheric
wGeraeglnerfeoghiient tei deteberr@iceendngashfipri she
for 90' bending th ogtical axis, and a positive |lens
2@5m, ﬁPﬁga?ﬁﬁF hEPiE e seccnd embodiment includes, in
order from an object side, a positive first lens group GRI1,
a negative second lens group GR2, a positive third lens
group GR3 having an aspheric surface on the object side, a
positive fourth lens group GR4, and a negative fifth lens
group GR53. The first lens group GR1 includes a cemented

lens of a prism G1, which has an aspheric surface on the

object side, and a rectangular prism P for 90° bending the

optical axis, and a positive lens G2 having two aspheric
surfaces.

The second lens group GR2 includes a negative lens G3
and a cemented lens of a negative lens G4 and a positive
lens G5. The third lens group GR3 is formed of a positive
lens G6 héving two aspheric surfaces.

The fourth lens group GR4 includes a cemented lens of
a positive lens G7, which has an aspheric surface on the

object side, and a negative lens G8. The fifth lens group




surfaces. The second | ens group GR2 includes a

negative lens G3 and a cenented | ens of a negative
lens G4 and a positive lens G5. The third | ens group
GR3 is forned of a positive Ilens G5 having two
aspheric surfaces. The fourth lens group G4 i ncF Ute240
a cenented lens of a positive lens G7, which has an
aspheric surface on the object side, and a negative
lens GB. The fifth lens group - 8 S04P1240 GR5

GRECliudesdas CeNBl &t d£nensf o8 HegaldM& el €88 Bo anth &
positive lens GLO, and a positive 1ens GL1 having an

@syitervieclens fGre, amd hepobjelie Sidles cELGhadishows a
configuration diagramof a zooml|lens according to a
gsphed 1 enmbodfaenton Aheows]ent tdiededr awi ng i ndi cate
nnvenentigaths of resgective | ens groups froma

wi defEngle BRI SpEsFENEHI IRt e lddg86pT cobrl 35951 tieon.
The .zoom |l ens according,to the third enbodi nent .
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Wierbhgl @Nsn g &84, cang 1%1%’%6 higshidens
group %RS. The first |ens group ) ign c%nfidbred ofe
zaopr Lems Ggcodilicly hasthe aspheranbosiinhbAtei fluddis in
obj ect side, and a.rectangular prismP for 90 bendi ng
crHer optrdre AN dbjectandda, ppgidasivd vieeisr&2 hervd rgy ctamo GR1,
aspherjc surfaces. The second | ens group GR2 includes
aanﬁ%%ﬁﬁygu§qq9%§ @égns group GR2, a positive third lens

group GR3, a positive fourth lens group GR4, and a negative
fifth lens group GR5. The first lens group GR1L is
configured of a prism Gl1, which has an aspheric surface on
the object side, and a rectangular prism P for 905ubending
the optical axis, and a positive lens G2 having two
aspheric surfaces.

The second lens group GR2 includes a negative lens G3
and a cemented lens of a negative lens G4 and a positive
lens G5. The third lens group GR3 is formed of a positive
lens G6 having two aspheric surfaces. |

The fourth lens group GR4 is formed of a cemented lens
of a positive lens G7, which has.an_aspheric surface on the
'object side, and a negative lens G&. The fifth lens group
GRS is configured of a cemented lens of a negative lens G9
and a positive lens G10, and a positive lens Gll having an
aspheric surface on the obkject side.

Tables 1 to 3 below show data of the zoom lenses




and a cenented lens of a negative lens 4 and a
positive lens G5. The third lens group GR3 is forned
of a positive lens G5 having two aspheric surfaces.

+ The fourth lens group GR4 is fornmed of a cenented Ieng
of a positive |lens G7, which has an aspheric sur PAE81240
on the object side, and a negative lens G. The fifth
|l ens group GR5 is configured of a cenented |ens of a
negative lens & and a positive lens GLO, and a
pesbtamey l@nsrnelEi havifg abogasrhesic surface on the
object side. Tables 1 to 3 bel ow show data of the zoom
| enses S04P1240 according to the first to enbodi nents.
TABLE | Fft~ = 3.60 - 3.88 - 4.44 f 6.91 - 11,62 -
19.55 w 29.97 - 17.80 - TR®I&71Surface NoRdndY d

1-12. 158(ASP) 4. 2101. 8466623, 785 21 NFI NI TY( Ref | ecti ve
Skl 3CER0 4 3191-846H623. 785 328. 998( ASP) 0- 600

48 -/ G ASP) g2 4694 58061140. 734 5:-23. 519( ASP) 0. 500

13,5889 96843 #8:.2143. 6711 | | 0. 5001. 8350042. 984 7
:7.0820. 906 8:-12. 2470, 4601. 8042046. 503 9: 6. 4471. 1501

~ Bitaongo- 084 103075335 B2 25— 0756 7 d
1: -12.158 (ASP) 4.210 1. 84666 23. 785
2: INFINITY (Reflective surface) 4,210 1. 84666 23.785
3: 28.998 (ASP) 0. 500
4: 8. 370 (ASP) 2.467 1. 80611 40. 734
5: -23.519 (ASP)  0.500 ~ 3.588 ~ 5.813
6: -513. 611 0.500 1. 83500 42 884
7: 1.082 0.906
8: =12, 247 0. 450 1. 80420 46.503
8: 6. 447 1.150 1. 92286 20.884
10: 30. 533 5813 ~ 2,725 ~ 0.500
11; 0.684 (ASP) 1.576 1.69350  53.201
12: -41.858 (ASP) _ 1. 000
13: Aperture 6.610 ~ 4.383 ~ 2.045
14: 13.103 (ASP) 2.267 1.69350 53. 201
15: ~5. 264 0. 550 1.80518 25. 456
16: -14. 202 2.703 ~ 4,924 ~ 7 267
17: -85, 485 0. 500 1. 83400 37.345
18: 4,379 2.300 1. 49700 81. 608
19: 25. 455 2.500
20: 12.953 (ASP) 1. 487 1. 84666 23.785
21: 17.234 2,368
22: INFINITY 1.700 1.51680 64.198
23: INFINETY 1.120
24: INFINITY 0.500 1. 51680 64. 198
25: INFINITY
Surface No.| ¢ At Af A8 ng
1 1 Q. 69500903 -0. 769817605 0. 175714E-07 0. 119437E-08
3 1 0. 705248E-03 0. 143439E-03 -0. 907799E-05 0. 242336E-06
4 1 -0. 184895E-02 0. 143335:-03 -0. 958467E-06 0. 204369E-06
5 1 -0. 657112E-03 0. 302629E-04 -0, 303252E-05 0. 612240E-07
11 1 0. 267075E-03 -0, 387123E-04 0. 854756E-05 -0, 314089E-06
12 1 0. 582935E-03 -0. 354368E-04 0, 876895E-05 ~0, 315734E-06
14 1 -0. 120598E-03 0. 291949E-05 -0. 171268E-06 0. 112251E-07
20 1 ~0, 250658E-04 0.122110E-05 0. 565389E-06 -0. 225582607 |
TABLE 2
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I11.9.684(ASP) 1. 5761- 6936053. 201 12: - 41. 868( ASP) 1. 000
13: Aperture6. 610 4.389 -2.045 14,1

103( ASP) 2. 2671. 6935053. 201 15: - 5. 2640. 5501. 8051825. 456
16: - 14, 2022. 703 4. 924 -7-267

17: - 85. 4950. 5001. 8340037. 345 $04P1240
18: 4. 3792. 3601. 4970081, 608 19: 25. 4562. 500

20. 12. 953( ASP) 1. 4871. 8466623. 785 21--77. 2342. 368
22: I NFI NI TY1. 7001. 5168064. 198 23: | NFI NI TY1. 120

24 NEISMOTYO:_}%g é€8064, 198 25: I NFINITY Surftce
1538

9E- 03-0. '
sk s

70. 119437E 08

9E- 03- 0. 907799E- 050. 242336E- 06
41-0.184 om:_ 020.14333SE-03:0 9584A7F- - qR0_204369F- 0
51- Buigss¥ah oE- B3NN 2629E- 04- 0. 303262E- 050, W1 2240F- B

111p. 28707 SH20823 .(&38Y 12BE- 040. 0. 600 1. B4666 23,785
854pP56R- -J05INGINTY08OE- 06 4.350 1. 84666 23.785
121p. 582935HF 08 TO(ReB4ile SEia0) 0. 4. 350 1. B4666 23.785
876B95#: -[05HBINTE734E- 06 0. 400

141} 0. 52(0598E-583- GASPD1949E- 05- 2.346 1.77377 47.200

171p68E- 60-71122251APD7 20T180~25.6G6H SE60880. 12211 A
OE-P5075q6388.2406- 0. 225582E- 070.BABLE 2 1.43500 S044219840

TABLE 3

o= 11 -

8: 6.109 1. 041
9. -11.555 0. 450 1. 80420 46503
10: 5. 921 1.150 1.92286 20. 884
11: 27.935 5.881 ~ 2 784 ~ 0.500
12: 9.5b5 (ASP) 1.554 1. 68350 53. 201
13: -42.514 {ASP) 1. 000
14: Aperture 6.200 ~ 4,152 ~ 2.032
15: 11.826 (ASP) 2.267 1. 69350 53. 201
16: ~b. 549 0.550 1. 84666 23. 785
17: -14. 233 2.508 ~ 4 856 ~ 6 676
18: -38. 634 0. 500 1. 80610 33. 269
19: 4, 149 2,400 1. 49700 81. 608
20: | 13.820 2,600
21: 13.333 (ASP) 1.752 1. 84666 23.785
22: ~43. 749 , 2.400
23: INFINITY 1.700 1.51680 64.198
24: INFINITY 1.120
25: INFINITY 0. 500 1,51680 64. 198
26: INFINITY
Surface No.| ¢ A* A AR AT
1 1 0.593353E-03 - -0. 816542E~05 0. 111330E-06 -0, 675203E-09
] 1 -0, 493322E-03 ~0, 687128E-05. 0. 916164E-07 -0. 278094E-07
6 1 -0. 641626504 -{0. 38629505 -0. 643382E-06 -0, 259664E-09
12 1 0. 430269F-04 ~{. 354837604 0. 341845E-05 =(. 78657907
13 1 -0, 322425E-03 ~0, 318420E-04 0. 319048E-05 0. 762601E-07
15 1 -0. 159259E-03 0. 86301 7E-05 -0, 901992E-06 0. 3201107
21 i -0. 380161E-04 0. 184757E-05 0. 406406E-06 0. 131998E-07




FNo. = 3. 60- 3.86 4.36 f=6.90-11, 62-19.55 co = 29. 98-
17.81 ~- 10.66 Surface No.Rdndv d
1:--12.0223(ASP) 0. 6001. 8466623. 785
2: I NFI NI TY4. 3501. 8466623. 785 3: INFINITY(ReerctlvE 1240
surface) 4, 3501.8466623. 786 4:INFINITYO 400 P
5:8.583(ASP) 2. 3461. 7737747. 200 6:-71.247(ASP) 0. 518
3.615 ---5.899 7:36.3440.5001. 8350042.984 8:6.1091. 041
9 11 5550 4501 8042046. 503 10:5.9211. 1501. 9228620. 884
1 L 5 § 6935053 201 13:-42.514(ASP) 1. 000

y gtur ? 152 -2.032

18’ 1 8056(‘A “26?1!5 6935053. 201
16:-.5..5490 5501, 8466623. 785 17:-14.2332.508 - 4.556
- - -|B3reie| 18: -B9. 6340. 5001. 8061033 269  nd vd
19: 84666 23,785
21:
2311 NFI3N TYMFTmW(R%GﬁQS&falaS 4 480 1592235 20_ 284
4: INFINITY 0. 400
5: 15.683 - (ASP) 2. 267 1.77377 47. 200
6:1 -19.392 (ASP) 0,500 ~ 3.492 ~ 5.624
7: 35. 414 0,500 1.88300 . 40.805
8: 5. 866 1.088
9: -8.543 0. 450 1. 80420 46.503
10: 5.999 1.150 1.92286 20. 884
11: 47.158 5.624 ~ 2.632 ~ 0.500
12: 10.570 (ASP) 1.667 1.58013 61. 251
13: -13.076 (ASP) 1.000
14: Aperture 6,609 ~ 4, 354 ~ 2 032
15: 10.229 (ASP) 2.762 1.58913 61. 251
16: -5.504 0.550 1.92286 20. 884
17: 9,814 1.737 ~ 3.893 ~ 6.314
18: ~75.817 ~0.500 1. 83400 37.345
19: 4,959 , 2. 440 1.49700 81. 608
20: 8.130 2.900
21: 14.663 (ASP) 1,905 1. 84666 23.785
22: -22.823 2.300 :
23: INFINITY 1.700 1.51680 64.198
24: INFINITY 1.120
25: INFINITY 0.500 1.51680 64.198
26: INFINITY
Surface Ne. E A‘ AG AB Al0

5
- 6

~0.105856E-03 0. 5B6460E-06 -0, 706848E~08  —0. 806784E-08
0. 267324E-04 0.922398E-06  -0.181160E-06  —0. 288624E-08

L i Sy

12 -0.858121E-04 -0, 14143BE-04 0. 504154E-06 0. 203452E-07
13 0. 234640E-03 0.174123E-04  -0.470843E-05 0. 312608E-06
15 -0. 167450F-03 0.314827E-04  -0.519568E-05 0. 312610E~06

21 1 0.333160E-04  -0. 144255E-04 0.107968E-05  -0. 251109E-07

In each of the tables, "FNo." indicates the F number;

"f" indicates the focal distance; "o" indicates the half

angle of viewing; "R" indicates the radius of curvature,
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24: 'I NFI NI TY1. 120 25:1 NFI NI TYO. 5001. 5168064. 198
26: I NFI NI TY Surface No. AAAe”AeAl0
110, 593363E-03-0. 816542E- 050. 111330E- 06-0. 675203E- 09

51-0. 493322E- 03- 0. 687128E- 050. 316164E-07-0. 27899 @%940
61-0. 641626E- 04- 0. 386299E- 05- 0. 643382E- 06- 0. 259664E-
1210. 430269E- 04- 0. 354837E- 040. 341845E- 05- 0. 786579E- 07
1310. 322425E- 03- 0. 318420E- 040. 319048E-05-0. 762601

E- 07

81 -idd168259 Ec D8 0i B30 e X k- Obr D QD IHI2ENA6H. B2P121E- 07

211-0. 380161 E-040. 184757E-050.

34@%}4:@&55061'1@ a%imﬂollfFA@&ENBtTSOZHEPMQ Efothe- B 1g@e
91 - 11. 62 19.61 We33.05-18. 36

aﬂﬁi %F%@aw fﬂ@@na@ba numbeiry. 1460 298611 gueeexd 785

NF| Nl TY4. 4801. 8620, 884 INFI NI TY(Refl ecti ve
A T B0 808 Fas ] b o e

3630 AR, S LTI R0 AR AP o

=81 6430. ¥60dw 8042046. 503 10: 5. 9991. 1501. 9228620. 884

{(Equation 1)

.yz.cz i i
= +Y A-Y
1+ 1-g-y*-c’ 2

where,

% = distance in the optical axis direction from the
lens surface apex

y = height in the direction perpendicular to the
optical axis

c = paraxial curvature at the lens apex

£ = conic constant

alt = ith aspheric surface coefficient

Table 4 below shows respective numeric values for
éatisfying conditicons of Conditionai Expressicn (1) for the
zoom lenses shown and described in conjunction with the

first to third embodiments.

TABLE 4

Coditional expression First embodiment Second emhodiment Third embodimant

(1) Npd 1.847 1. 841 1.923

.= 13 -




11: 47. 1585. 624 ~-2.632 -0.500

12:10. 970( ASP) 1. 6671. 5891361. 251 13:-13. 076( ASP) 1. 000
1'4: Aperture6.609 -4.354 -r2.032

15:10. 229( ASP) 2. 7621. 5891361. 251 1240
16: - 5. 5040. 5501. 9228620. 884 17:-9.8741. 737 -.3. Y
N-0.314. 18:-75.8170.5001. 8340037. 345

19: 4. 9592, 4401. 4970081. 608 20: 8. 1302. 900

21:14. 663( ASP) 1. 9051. 8466623. 785 22:-22.8232. 300

23: | NEEN T&VlorQQ. 226806411808, ,24hbMEl MuFYdud 2herration
25: | NFI NI TYO. 5001. 5168064. 198 26: | NFI NI TY Surf ace
NEEAMAGABALthe zcom lens according to the first embodiment
51-0. 105956E- 03- 0. 585460E- 06- 0. 706848E- 08- 0. 806784E- 08
61 Ghost39mFEl atp i) Fagapes 0enB PIeYE10650. 2BB624E-0@vws
121- 0- 869121E—O4 0,.141438E- 040. 504154E- 060. 203452E- 07
VA1 G5 33BABER ISP FRAP331S - BIC U HFTBASELB50E 5996 08E- 06

TRl 5 B s AL g AR 08
s%%w%aggrﬁgugrgﬁéf¥¥t§§n &E@G&émélayc%éhﬁﬁgtBS Fhdwher;
~"f" indicates the focal distance; "G " indicates the
ehdbotiimangl & ofn UnewirigdiafE fdudicatiesahbe &mdigtsiefion;

curvature, - 12
and FIG. 6 shows various aberration diagrams according to
the first embodiment in a long focal distance end position.
FIG. 7 shows various aberration diagrams according to the
second embodiment in a short focal distance end position:
FIGf 8 shows various aberration diagrams according to the
second embodiment in an intermediate focal distance end
position; and FIG. 9 shows various aberration diagrams
according to the second embodiment in a long focal distance
end position. FIG. 10 shows various aberration diagrams
according to the third embodiment in a short focal distance
end position; FIG. 11 shows various aberration diagrams
according to the third embodiment in an intermediate focal
- distance end position; and FIG. 12 shows various aberration
diagrams according to the third embodiment in a long focal
distance end position.

In the respective diagram, for the spherical
aberration, the vertical axis represents the ratic to an
open F-number, the horizontal axis represents the defocus,

-a solid line is the d line, & broken line is the c line,

and a single-dotted chain line is the g line. For the,

- 14_




S04P1240 "d" indicates the inter-lens surface
di stance; "nd" indicates the refraction index with
respect to the d line; and "vd" indicates the Abbe

nunber. I n addition, each respective surface Sh%&@91240
with "(ASP)" is an aspheric surface, and the aspheric
surface profile is represented by equation 1 bel ow
(Equation 1) 2 2 X=YC2 2 + A . YJ 1+ 1-9-y c
where, x = distance in the optical axis direction

& s omriate snl, eBBe Sk 80 1A %4 sY rephesgitls ithel ARage height,
direction perpendicular to the optical axis ¢ =

P dmlzongelatyt e wpidrentenshapbxcus theosicdid line
constant Al = ith aspheric surface coefficient Table 4
RIPRFEHSWS Fegpeeal v@aummelriey adrfes-Hcobrokani 5£y# ng
condi tigns _of Condi ti.onal EXEEession 1) for the zoom

TEHSES Sfofn™ Bt LT i8S R18BR] urictd dRewrLATPHE o7
bigslodor 1ed FORGOTEINS, TOELRS A e
&fﬂ)Qdfe”?i@&igclnﬁalNFH;{]i_1584‘E%n-r§§Zﬂt§Zﬁiel%istortion (%) .

In the respective one of the zoom lens according to
the first to third embodiments, as apparent from Table 4,
Conditional Expression (1)} is satisfied. 1In addition, as
apparent from the respective aberration diagram, the
respective aberrations are corrected with good balancing in
the wide-angle end position, intermediate focal distance
position between the wide-angle end position and the
telescopic end position, and the telescopic end position.

While the shapes and constructions of the individual
portions are described and shown in detail with reference
to the embodiment and examples, they are merely practical
examples for carrying out the present invention, so thaﬁ

they should not be construed as limiting the technical

scope of the invention.

Industrial Applicability

The zoom lens of the present invention is adaptable
not only to iﬁaging apparatuses.such as digital still
cameras and digital video cameras, but also to imaging
function portions incorporated in, for example, mobile

phones, personal computers, and personal digital assistants

- 15 -.




S04P1240 FIGS. 4 to 12, respectively, shows various
aberration diagrans of the zoomlens according to the
first enbodinent in short small focal distance end
positions. FIG 4 shows various aberration diag%ﬁﬂ§124o
according to the first enbodinment in a short foca

di stance end position; FIG 5 shows various
aberration diagranms according to the first enbodi nment
in an internedi ate focal distance end position; and
FPIRs)6 shows various aberration diagranms according to
the first enbodinent in a |ong focal distance end
position. FIG 7 shows various aberration diagrans
according to the second enbodinent in a short foca

di stance end position; FIG 8 shows various
aberration diagrans according to the second

enbodi nent in an internediate focal distance end
position; and FIG 9 shows various aberration diagrans
according to the second enbodinment in a |long foca

di stance end position. FIG 10 shows vari ous
aberration diagrans according.to the third enbodi nent
in a short focal distance end position; FIG 11 shows
various aberration diagrans according to the third
enbodi nent in an internedi ate focal distance end
position; and FIG 12 shows various aberration

di agranms according to the third enbodinent in a |ong
focal distance end position. In the respective
diagram for the spherical aberration, the vertica
axis represents the ratio to an open F-nunber, the
hori zontal axis represents the defocus, a solid |line
isthe dline, a broken line is the c line,

- 16 -




and a single-dotted chain line is the g line. For the,
14 SOU4P1240 astigmatism the vertical axis represents
the image height, the horizontal axis represents the
focus, the solid |ine represents a sagittal |na%%4P1240
pl ane, and the broken line represents a neridiona

i mge plane. For the distortion aberration, the
vertical axis represents the inmage height, and the
hori zontal axis represents the distortion (%9. In the
respective one of the zoooLhems according to the
first to third enbodi nents, as apparent from Tabl e 4,
Condi tional Expression (1) is satisfied. In addition,
s apparent fromthe respective aberration di agram
he ff*eg%ftt%e\?é éB@W%’cIF%r?s PdigadbFY eef ebPii 1 0yBEdand
bal anci n he wi d e end, position,

PRr DT coorsBE Pl Siiaet BBoiRPon setlmaistrace, the
angl e | e c._en .
o Ton %6?39& B e s B FE T SR Tt b o

ma@e;ascm@ﬁ,can&w s Rf at hestngihyidual; gepaLti ons
are described and shown in detail with reference to
poel eiveo diefeat t ane pnwﬂnﬂaaa isheyxad g wiesreliy practi cal
exanpl es for carrying out the present invention, so
@ﬁ&ecqﬁﬂ@ymsmbardf¢ﬁnb6m§1@gnsﬂrG@tﬂ@&iIaantnﬁgpr¢Mﬂded

fec al scope of the invention. Industria

A ec SRl 9%}0%@%0%61 éﬁ§16Ft%% Iﬂﬁ‘%&%ﬁtlsl AoERtd gif 2
d not on aratuses such as

%ﬁ %¥%ﬁk§??|? s %%?%s anaaggg ‘deo cameras, but

also to i magi ng

2. A zoom lens according to claim 1, characterized in that

the reflective member is disposed on the most object side.

3. A zoom lens including‘a plurality of lens groups and
performing zooming by changing an inter-group distance, the
zoom lens being characterized in that a reflective member
for bending an optical axis is disposed in a lens group on
a most object side of the rlurality of lens groups, wherein
the reflection member is formed of a prism having a
negative refractive power and an intermediate aperture -

pesition is fixed during zooming.

4. A zoom lens according to claim 3, characterized in that

the reflective member is disposed on the most object side.

5. A zoom lens according to any one of claims 1 to 4,

- 17 -




function portions incorporated in, for exanple, nobile
phones, personal conputers, and personal digital

assi stants - 15 S04P1240 (PDAs). S04P1240 CLAIMS 1. A
zoom |l ens including a plurality of lens groups agd,pq540
perform ng zoom ng by changing an inter-group

‘di stance, the zoom|lens being characterized in that,

of the plurality of |ens groups, a |lens group on a
nost obj ect side has a positive refractive power and
¢l fdoted,izelef i thea refdfdcedveoneiydrs ffarmbands ng @ism
optical axis is provided in the lens group and the
Fatfi sffotiingn Carddiayoriad. Eepmedsobnalllpri sm having a
negative refractive power. 2. A zoom|ens according to
cl ai hr 1, <c¥eff act eriCP8ditAopRat BtRiEessdPRedli e menber
‘£%aqgsposed on the nost object side. 3. A zoomlens
|n§iUding a plurality of lens groups and perform ng

MROW ng by, changi ng .an g%_t Bhe 0L, di, han e,pihe zoom

"ens being characterized in that a re I ve nmenber

A Rendingedbeoptical axis is disposed in a lens _
group on a nost object side of the plurality of |ens

groups, wherein the reflection nenber is fornmed of a
rismhaving a negative refractive power and an

-nt énnidRaieg BReeraces hogingon doonf Lred duclwding a
zoom ng. 4. A zoomlens according to claim3, .

SUNARRALEr P5 kP71 OPRUPSt BT BT TIPS AEABURS |y changing

Qy %R%%%9g£%h§'HisqgﬁEe?béﬁgtaﬁifﬁ%ging device for
converting an optical image formed by the zoom lens to an
electric signal, the imaging‘épparatus being characterized
in that, of the plurality of lens groups, a lens group on a
most object side has a positive refractive power and is
fixed, wherein a reflection member for bending an optical
axis is provided in the lens group and the reflection

member is formed of a prism having a negative refractive

power.

7. An imaging apparatus according to claim 6,

characterized in that the reflective member is disposed on

. the most object side.

8. An imaging apparatus having a zoom lens including a
plurality of lens groups and performing zooming by changing
an inter-group distance, and an imaging device for

converting an optical image formed by the zoom lens to an

- 18 -




5. A zoomlens according to any one of claims 1 to 4,

- 17 S04P1240 characterized in the reflective nenber

is formed of a prism satisfying Conditiona

Expression (1): 1.7 < Npd (Conditional EXpreSSIO§O£§i240

where, Npd = a refraction index of the prismformn

the reflective nenber. 6. An inmagi ng apparat us haV|ng

a zoomlens including a plurality of |ens groups and
perform ng zoom ng by changing an inter-group

el sttarice signdlanthengiayj ndeupperdons ednverchbngcadrized
optical inmage fornmed by the zoomlens to an electric

5 g, at Kefilnagivg pperatos bendine vy aptérhkeaxis nis
hat, of .the plurality of |ens groups, a l|lens group on
ISHASSE 3B; @cfee,? oFF s °F Bo@?f‘g VP84t PRy 8T pERr

f wh flecti f bendi
an optlgak%ega?s §}§%$63|52599% ?%glggﬁgcéﬁ8gg } Iﬁ%
féﬂﬁe@chfoﬁ ?P§£$eﬁaéfigf9rﬂsgaéivé‘ﬁHfﬁ%@tH@%' QwéE and an

negative refractive power I magl ng appar at us

ateendingté Oas i uRd posehapact &rizad idhrtiRgt zbbRing.
reflective nenber is disposed on the nopst object
side. 8. An imagi ng apparatus having a zoom | ens
including a plurality of |ens groups and perform ng

Z00APNFTABYNE ARRATIF USaRCE At g riouF1dist Bnce, and an
deV|ce f an optical (i mage forned

g %} conver%in
qgfr ﬁ %6%ﬁ|%%s aF gﬁe reflective member is disposed on

the most object side.

10. An imaging apparatus according to any one of claims 6
to 9, characterized in the reflective member is formed of a
prism satiéfying Conditional Expreséion (1):

1.7 < Npd (Conditional Expressicn (1))

where,

Npd = refraction index of the prism forming the reflective

member.
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18 S04P1240 electric signal, the inmaging apparatus

being characterized in that a reflective nmenber for

bendi ng an optical axis is disposed in a |ens group

-on a nost object side of the plurality of |ens g$€%§¥§40

wherein the reflection nmenber is forned of a pr

havi ng a negative refractive power and an

i nternedi ate aperture position is fixed during

zoom ng. 9. An inmaging apparatus according to claim8,

el@racterized in that the reflective nenber is

di sposed on the nost object side. 10. An inaging

BPPF2NGIE &YDOoPASIHIAND any one of clains 6 to 9,

characterized in the reflective nenber is fornmed of a

PriER0FAET BN RgSToMM ti onal Expression (1): 1.7 < Npd

(Conditional Expression (1)) where, Npd = refraction

i ndex of the prismformng the reflective menber.

%ﬁbPé ? FIG 1--3 WDE-ANGLE END PCSI TION TELESCOPI C
%ION FIG 4--12 SPHERICAL ABERRATI ON

- HEEREMAT | RMirrATTION

ASTIGMATISM
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