DESCRIPTION ZOOM LENS AND IMAGING APPARATUS Technical
Field The present invention relates to a zoom lens that is compact, that
has a high variable rate, and that is well suited for adaptation in
photography optical systems of digital input and output apparatuses, such
as digital still cameras and digital video cameras. The invention further
relates to an image apparatus using the zoom lens. Background Art In
recent years; imaging apparatuses, such as digital still cameras, using
the solid state image devices haesdreenmiggly spread. With widespread
use of such digital still cameras, correspondingly higher image quality is
demanded. In particular, photography lenses, especially, zoom lenses

having high imagingpgrferman 0 ing_to Iisttate image
devices having a large nurﬁ%er%%ﬁpiggégﬁqéo%gk%%ﬁ 2 use with a
digital still camera having a large number of pixels. Further, compactness
is strongly demanded, and compact and high performance zoom lenses

é%%ﬁﬁg‘?ﬁ?’liﬁﬁﬁ%ﬂ technological development advances to enhance
compagifess: DbeonlicAl s, itection n the manner that aprismis
inserted between lenses and tﬁe optical system is berﬂntr %o fé?)%né%e
Uneramined RatehiApplication PublieationsNes, 8248348 is well
suited for adaptation in photography optical systems of
digital input and output apparatuses, such as digital still
cameras and digital video cameras. The invention further
relates to an image apparatus using the zoom lens.
Background Art
In recent yeafsf-imaging apparatuses, such ashdiéital
still cameras, using the solid state image devices have
been widely spread. With widespread use of such digital
still 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 axis
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. B-24B318



-1 and No. 2003-43354, for example) . However, in the optical system
disclosed in Japanese Unexamined Patent Application Publication No.
8-248318, compactness is achieved in the manner that a prism is used in
one group of a zoom type arrangement of
positive-negative-positive-positive groups to thereby bend the optical
angyi® HeWevet, sifde |éRses aféraftanged closer to the object side than to
a reflection membey, sufficient compactness cannot be achieved. In the
opt?lié)é’f es"}rl%[fe'mldnlscg: oese%lpijﬁlf eflpt)laﬁs gs%%e%?ﬁﬁ%% Patcht " ABpiication
Unddhlicationtee 200343324, :a prisprhaving-adieaatives refragtion powWeS= c-ness
is disposed on the most object side, whereby compactness of a bent
1s prhiofive dchievew: Mewever, Hintce zhe résnfigurationds of eninasdead of a

-o04P% B diaphragm.mechanismy s Jarge ang the dlaphragm meshanisn . gro
movggalong?h op%cal axispdurlng Zooming, sot ¢ sufficient groups

to conapactness:far these including ilenskartelds nat sufficieptly achieved.
Disclosure of Invention According to a first aspect of the invention, there is

arprovided ezgomtensiackiding a plivalityioflens groups anckperforming -,
< ggomin{g,ﬁby chan%LnlEgean inter-%rouk? distance, the zoom lens being
Y characterized M that. of the ity orishs GFtips, a lens group on a
maost abjectsideas aypasitive refrastive powerand,is; fixed. whereinac o ¢
reflection member for bending an optical axis is provided in the lens
Aproaptand tiareéflectivipmember iIPforAtetb éf az prism having a negative
refraction power is disposed on the most obiect side, whereby
compactness of a bent portion i1s 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

According to a first aspect of the invention, there is provided
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, 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
previded in the lens group and the reflection member is formed of a
prism having a negative refractive power and further wherein a lens
surface of the reflection member for bending an cptical axis is
disposed on the most object side and said lens surface is concave

with respect to the object side.



prism having a negative refractive power and further wherein a lens
surface of the reflection member for bending an optical axis is disposed
on the most object side and said lens surface is concave with respect to
the object side. - 2 According to a second aspect of the invention, there is
provided a zoom lens including a plurality of lens groups and performing
zoomifigy ehargigy anisterigrouprdistartce, the zoonriehstbeingere is
characterized in that a reflection member for bending an optical axis is
pr%}/s%dgas%cf in“5 Teng group %%Eé}%ggt ca)bjI%Jc{:ilgiSl & oF the prifaling of s 2

pe groups nwherein the neflestiangmember isnformegofig RIisM DavINg &ve zoom
negative refractive power and an intermediate aperture position is fixed
Legaripgirsomiig antifaithed wherdinta fersSurfate of thembflection bending an

o lemPer for bendi(%wig an ogtical axijs_ is disposed on the most objectgideﬁ 4o of
P and said 16Rs “Surfack i€ Boncave with fe§gcittoReobi8itsidéiect side o

tnAceording to,a dhird aspegt of the invention, thee is. provided.animaging
apparatus having a zoom lens including a plurality of lens groups and _

fopeeforading Zookmgiey thanginganat inter-gedup distaacepand amimaging
device, for convertin%nan optical image formed by the zoom lens to an

T eTedtic Sial e TSgiRG Adparans beiity EnardciBr 268 FRs:, Brdhgur thex

whoharality, of Jens greupseadens group on.a.mast ghject side has a,pogitive
refractive power and is fixed, wherein a reflection member for bending an

opbptical axissisiprovided retheolenshgroupsanditBect side and said lens
surface is concave with respect to the obiject side.

According to a third aspect of the invention, there is
provided an imaging apparatus having z 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 zcom lens to an electric signal, the
imaging apparatus being characterized in that, of the piurality 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 and further wherein a lens surface of the reflection member
for an optical axis is disposed on the most object side and said
lens surface is concave with respect to the object side.

According to a fourth aspect of the invention, there is
provided an imaging apparatus haviﬁg 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



reflection member is formed of a prism having a negative refractive power
and further wherein a lens surface of the reflection member for an optical
axis is disposed on the most object side and said lens surface is concave
with respect to the object side. According to a fourth aspect of the
invention, there is provided an imaging apparatus having a zoom lens
opirdlBding'as pluralitest lensgroupaand performing zobhtingily ehanging the
im aaniljlnteé%gydpf)t%gt%ncieﬁ anéjngggrcpa in? gfvgce f%r ctonvertin% an -2a b
optical image Tormed by the 2o6m fens fo an electfic signal thE SiMaging™ P e”
foAppatatusbeing.chatacterizad in that;a seflection,membgt for bepding an, s+«
optical axis is disposed in a lens group on a most object side of the
ob harality 8F lerfs Groups, wherdin thé réflactian vemberis forimed ot a
e {iesgl: lhcc)ar\lli%% ggnegativef refraé;tiv% power, and an intermediate aperture
position is fixed during Zooming and firhEFwhatei’a Ters 8racs of the
re feflection npember farnbending ap-optical axis.is.dispesgd on.the, Most; .4
object side and said lens surface is concave with respect to the object
duside. z2bmAtsording 1o example embiodiments,shys behdiryg the optical
m%%ctness in the olptical axis direction can be achieved, and a

stem, co .
reg%%%ﬁgﬁls%%ceﬁéntfﬁ}rosﬁgﬁ SHardbeiRtics arf BeS coffigarapsed on the
mo£70Rs$EAUENtY, examplesembodiments can.enable improying,the, respect to

the object side.



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
zoom lens according to a first embodiment in a short focal distance
position. 3 FIG. 2 is a lens configuration diagram of a zoom lens
acdutaitiflicia secohthambodiffert irmearsifort focdldistaneet position. FIG.

Is a lens configuration diagram of a zoom lens, .according to a third .
Sy%rﬁ@édi?ﬁ%ﬁ? i%rag%ﬂsortl%c%g‘aiscfgﬁég azp%oo& ion. Ei’é?ﬁts Oon\c/]vg %/rérti%%sacmeved’
and@herstion diagrams-ef the.zoem dens accordingdedhbe first embadimeant in

the short focal distance position. FIG. 5 shows various aberration
conftagiarms of the zoom lens according to the first embodiment in an
-int Q}es(éleiatee fgfal dies}tiarrlﬁce_'L gogzirtli?nd FIG.t6 shows varlé)lus aberration b
diagramsqouf the Zdom " Tens accor mé%?he%i?s embodiment i aioAg e
imdgealy distancennositionklG..f shews,variays abercation diagrams of the 7,
zoom lens according to the second embodiment in the short focal
usqﬁy@ﬁ%eiﬁyﬁﬂ@ﬁample, videc cameras and digital still cameras.

Brief Description of the Drawings
FIG. 1 is a lens configuration diagram of a zoom lens
according to a first embodiment in a 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
various aberration diagrams of the zoom lens according to the third
embodiment in the short focal distance position. 4 FIG. 11 shows various
aberration diagrams of the zoom lens according to the third embodiment

in an itegmegdiate focal Kistapse NOsition: FiGq 12.5hOWS ¥akoYs om 1ens

aberration diagrams of the zoom lens according to the third embodiment
A LRt al WisterrecpdsitivhoBéstevibdérfor Caroping Rukthedhweation
An sergb%gliment and examples of the present invention will be described
Kerebelow. An embodiment is characterized in that in a zoom lens, a

reflectiorgmesnbey fon bagdingran gutical adis is inpluded in gne fixad lens
group having a positive 'refractive power, and the reflection member is
RIFREHISNG pr_n® helvirf agwediveersfractive phwet Mureashetificadiyca
é%%Ttlfgﬁ 'according to the

FIG. 4 shows various aberration diagrams of the zoom
lens according to the first embodiment 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 zgom
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 various aberration diagrams of the zoom

lens according to the third ambodiment in the short focal

distance position.



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
provided in the lens group, and the reflection member is formed of a
prism having a negative refractive power. In this case, the reflection
member may be disposed on the most object side. In addition, a zoom

lens acevedintltosthewpresent cemsbebimentdnelydes aphsalityfofdgRs zoom
roups and - 5 performing zooming by changing an inter-group distance,

in SRRIGFE A BEv e tdhiBef orise ramse dbresitic al axinis dieposediiate
leRs group sogggé’gogtoggj@%gi_de of the plurality of lens groups, the
' e

reflection member is formed of a prism having a negative refractive
power Faid al2 inteewmediaie apestuBositionds fiesdurag 2e0Ming, Kby
this case, the reflection member may be disposed on the most object

JiGBSPASEPARR h iR EB6mtehEhBRIAdTE e ReseArrIbisdisient,

an apgriue is fixgd during zooming. In addition, preferably, in the zoom
lens according to the present embodiment, the reflective member is

formed of a prism satisfying Conditional Expression (1):
Best Mode for Carrying Out the Invention

An embodiment and examples of the present invention
will be described herebelow. 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 :
refiection 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 ben&ing an optical axis is
provided 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 cblect side.

In addition, a zoom lens according to the present

embodiment includes a plurality of lens groups and



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 distortion and image

@Jé@@&ﬁkﬁii@agbiﬁk{ﬁr@eﬁipf@ﬁ%?ﬁ% - yaddiion. the prismureferably ;

satisfies Conditional Expression (2): 6 1.8 < Npd (Conditional Expression

(2} skheres Np@ =trisheactientinde X of theprsmyforming tHe saflective is
ember Preferably, the prism having the negative refractive power is

St B mdiding HSwavEFRNE prisnitdy BRI BE cBidiitfg a
lensuith @,prgm &usther o distortion mayhe cousstel Haing 3 Progesagf

electric signals. Embodiments

of a prism having a negative refractive power, and an
intermediate aperture position is fixed during z&oming. In
this case, the reflection membe; may be disposed on the
most object side.

Preferably, in the zoom lens accotding 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 Conditional 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 distortion and
image plane and to achieve the compactness.

In addition, the prism preferably satisfies

Conditional Expression (2):



Embodiments 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 groups 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 GReand a negative ifth lens:group GRS, Thefirst lens

group GR1 includes a prism Gl, which has a negative refractive power for
9B dending the optical axis, and a positive lens G2 having two aspheric
surfaces. The second lens group GR2 includes a negative lens G3 and a
BB entd P I SrL PedRlive 18hs BF aRd HPodiNE RAs s, TRE I8FG1ve
lens@rpup GR3 includes a positive lens G6 having two aspheric surfaces.
7 The fourth lens group GR4 is formed of a cemented lens of a positive
lens G evfrclabhhg ant-hsphetissunfacéron thee abjecttside, ardaactive
negative lens G8. The fifth lens group GRS5 includes a cemented lens of a

ReY&fve foriEBSehPY PRLANSI ens EHE Wi a Pissitic RRSGH Hefing
— %rﬁéﬂh%?c serfase olythe ebiect sids, FIG, 2.shows g ganfiguration
diagram of a zoom lens
distortion may be corrected using a process of electric
signals.

Embodiments

Embodiments of the present invention will be described
hereinbelow. FIG. 1 is a configuration diagram of a zoom
lens according to a firstﬁembodiment. Arrows in the
drawing indicate movement paths of respective lens groups
ffom 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 éRl, a negative second lens group GR2, a
positive third lens group GR3, a positive fourth lens group
GR4, and a negative fifth lens group GRS5. The first lens
group GRL includes a prism Gl1, which has a negative
fefractive power 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 leﬁs G4 and a pﬁsitive

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

G6 having two aspheric surfaces.



according to a second embodiment. Arrows in the drawing indicate
movement paths of respective lens groups from a wide-angle end
position to a telescopic end position. The zoom lens according to the
second embodiment includes, in order from an object side, a positive first
lens group GR1, 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 GRS5. The first lens

group GRA insludes a cemenisgs lensof APUSTLGT. wWhich PAS AN .y 1ens
aspheric surface on the object side, and a rectangular prism P for 90
ehdingp e toptizal exiés, Gind wipositiiedens G 2 hiplving tveasphelCon the
SLgfaces. Thg seconﬁd lens group GR2 includes a negative lens G3 and a

CeméntedIERE of H Refalife 1Y B4 5TFa Fositive qend &5t Frntigroup
leRs oreun R3 is, foumed ol pasilve dens Gabeyin w.aseele,

surfaces. The fourth lens group GR4 includes a cemented lens of a
Pesidvd lensl@7s whibh rasian asphérid serfaceomsthe lobjecigide, and a
rgft—:% t(iave.lens G8. The fifth lens group 8 GRS includes a cemented lens
& negative TERS & SR A HEMEIENS !0, and a positive lens Gil

havi Ngra .a@r@{jﬁéu ga@@mm%%@%:—1§£%m3 SPOWS A 1 1ens
configuration diagram of a zoom lens '

according to a second embodiment. Arrows in the drawing
indicate movement paths of respective lens groups from a
wide-angle end position to a telescopic end position. -The
zoom lens according to the second embodiment includes, in
order from an object side, a positive first lens group GRI,
a negative second lens groﬁp GR2, a positive third lens
group GR3 having an aspheric sﬁrface on the object side, a
positive fourth lens group GR4, and a negative fifth lens
group GRS5. Tﬁe first lens group GR1l includes a cemented
lens of a prism Gi, 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 having'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



according to a third embodiment. Arrows in the drawing indicate
movement paths of respective lens groups from a wide-angle end _
position to a telescopic end position. The zoom lens according to the third
embodiment includes, in order from an object side, a positive first lens
group GR1, a negative second lens group GR2, a positive_ thirc_i lens
group GR3, a positive fourth lens group GR4, and a negative fifth Iens
group GRS. The first lens group GR1 is configured of a prism GI., which
RBS amaspHeric surfemeroredhé aiject Side ranghairestangidacpriamaP for
90-b%ri(‘17ing the optical axis, and a positive lens G2 having two aspheric

BOfrAcES S The™ o cond 1eARYrBUBERS INAUdEE S Fédatiid idHs e and a
seprited 1ens of anegative.lens @4and:g positive lens G5. The third

lens group GR3 is formed of a positive lens G6 having two aspheric

surfaddss The ﬁimttﬂmscgmﬂpg@%tiﬁarmed@fancmeﬁlt%&e{nséﬁ@
lens G7, which has an aspheric surface on the object side, and a

%%%%“Y%eieﬁ%n%g TheFRnTBREGrBER "R Eigtied st Hzemented
ens of fna@alielpns,aenand & pesiiie an5,C10, andapositelens Ci
having an aspheric surface on the object side. Tables 1 to gﬁe ow show
wiin withbezcord |peses ion aocording le shefilst terempesiaents, The
zoom lens according to the third 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, a positive fourth lens group GR4, and a negative
fifth lens group GR5. The first lens group GR1 is
configured of a prism Gi, ﬁﬁich 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 & positive
lens G5. The third lens group GR3 ié formed of a pesitive
lens G6 having two aspheric surfaces.

The foufth 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 G8. The fifth lens group
GRS is confiqgured of a cemented lené of a negative lens G9
and a positive lens G10, and a positive lens G11 having an
aspheric surface on the object side.

Tables 1 to 3 below show data of the zoom lenses



TABLE 1 FNo. =3.60 - 3.88 ---4.44 {=6.91 " 11.62 -- 19.55

w=29.97-17.80-10.67 SurfaceNo R drid Yd 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 42.984 7: 7.082
0.906 8: -12.247 0.450 1.80420 46.503 9: 6.447 1.150 1.92286 20.884
10: 30.533 5.813 ~- 2.725 ~- 0.500 11: 9.684 (ASP) 1.576 1.69350 53.201
lkcdiB5G (ASPYH=000 43t AperanB£64aAr ¢.389 ~- 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: -85.495 0.500 1.83400 37.345 18:
4.379 2.300 1.49700 81.608 19: %ié‘éé 21.500 20: 12.953 (ASP) 1.487
1.84666 23.785

Flo, = 3.60 ~ 3.88 ~ 4.44
F=681 ~ 11,62 ~ 10,55
w = 29.97 ~ 17.80 ~ 10.67

- 10 -

Surface No R d nd vd
1: -12.158 (ASP) 4,210 1. 84666 23,785
2: INFINITY (Reflective surface) 4, 210 1. 84666 23.785
3: 28.938 (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. 835600 42 884
7: 7.082 0. 806
8:1 ~12, 247 0. 450 1. 80420 46, 503
g: 6. 447 _ 1.150 1. 82286 20. 884

10: 30. 533 5.813 ~ 2.726 ~ 0.500

11; 0.684 (ASP) 1.576 1. 69350 B3. 201
12: -41.858 (ASP) ’ i.000

i3 Aperture 6.610 ~ 4,388 ~ 2 045

14: 13.103  (ASP) 2. 267 1. 89350 53. 201
15: -5, 264 0. 550 1.80518 25, 456
16: 1 14, 202 2.703 ~ 4,924 ~ 7T 267

17: -85, 405 0.500 1. 83400 37.345
1B: 4.3719 2.300 1.49700 B1. 608
1a9: 25, 455 2. 500

20: 12,853 (ASP) 1. 487 1. 84666 23,785
21: 77.234 2.368

22: INFINITY 1.700 1.51680 64.198
23: INFINITY 1.120

24: INFINITY 0.500 1. 51680 64, 198
25 INFINITY '

Surface Ho.] At A® At At® .
1 i (1. 695009E-03 -0, 769817E-05 0. 1715714607 0, 119437608
3 1 -0, 705248E-Q3 0. 143439E-03 0. B07T99E-05 Q. 242336E-06
4 i -0, 184995E~02 0. 143335603 ~0. 858467605 0. 204369506
5 1 -0. 65TT12E~-03 0. 302629E-04 —0, 303252E-05 0. 612240E-07

11 1 0.267075E-03 -0, 387128E-04 {.864756E-05 -0, 314089F-06

12 1 0. 582935E-03 -0, 354368E-04 0.8768095E-05 -0, 315734F-08

14 1 -0. 120598E-03 0.291949E-05 -0, 17126BE-06 0. 112251607

20 1 -G, 250658E-04 0, 122110E-05 0.565389E-06 -0, 225582E-07 |
TABLE 2




21:77.234 2.368 22: INFINITY 1.700 1.51680 64.198 23: INFINITY 1.120
24: INFINITY 0.500 1.51680 64.198 25: INFINITY Surface No. E A4 A" A’
AID 1 1 0.695009E-03 -0.769817E-05 0.175714E-07 0.119437E-08 31
-0.705248E-03 0.143439E-03 -0.907799E-05 0.242336E-06 4 1
-0.184995E-02 0.143335E-03 -0.958467,E-05 0.204369E-06 51
-0.657112E-03 0.302629E-04 -0.303252E-05 0.612240E-07 111
- 0.267075E-03 -0.387128E-04 0.854256E-05 -0.3140895-06 121
0.5%293 3.-0 368Fa04 0.876895E-05 -0.3157345-06 14 1
-0?505%?%?5%31{)?2956 15395 -0.1712685-06 0.112251E-07 20 1

-0.2506085504 (432110/%-Q5 0.565389E-06 -0.2255825-07 TABLE 2 10
FNo. _6%8230 3.86 - 4. 36 1=6.90- 11.62.19.55 W = 29.98 --- 17.81 -

10.6 _E’N’O“R’d‘ﬁd‘ﬂ]‘t“i‘?‘ﬁ?ﬁ‘@e{“ Pr0-666-1- Sé'rCCC 23 +8
INFImW - ||\||—||b| ¢ (Rcf:cutv reee)e
1:84566 23, [B5yBNFIN TV 0.400 5: 8 5§ 4QSP) 2 3454@%3772477??0
3: INFIRITY (Reflective surface} 4,350 1. 84666 23.785
4: INFIRITY 0. 400
5: B.583 (ASP) 2. 346 1.71317 47, 200
6: =71.247 (ASP) 0.518 ~ 2,615 ~ 5 BYS
7: 36, 344 0.500 1. 83500 42,984
8: 6. 109 1. 041
g: ~11. 555 0. 450 1. 80420 46. 503
10: 5. 921 1.150 1.92286 20, 884
11: 27.935 5.881 ~ 2.784 ~ 0.500
12: 9.585 (ASP) 1.554 1, 69350 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: ~5, 549 0.550 1. 84666 23.785
17: ~14. 233 2.508 ~ 4. 556 ~ 6.676
i8: -39. 634 0. 500 1. B0G1D 33. 268
18: 4. 149 2,400 1. 49700 81.608
20: 13. 820 2. 600
21 13.333 (ASP) 1. 752 1. B4666 23,785
22: ~43. 748 2.400
23: IKFINITY i.700 1.51680 £4, 198
24: INFIRITY 1.120
25: INFINITY 0, 500 1,51680 64, 168
26: INFIRITY
Surface No.] . At A® AR AW
1 i 0.583353E-03 ~ -0.81 6642605 0. 1113306606 -0. 675203E-09
5 1 -0, 483322E-03 -0, 687128E-05 0. 516164E-07 -0, 2718994607
6 1 -0. 641626E-04 . -D.3B6200E-0K ~0. 643382E-06 -0, 250664E-09
12 1 0. 430269604  -0. 354B37E-04 0. 341845E-05 -0, 7186579E-07
13 1 0.322425E-03 -0, 31B420E-04 0.319048E-05 -0, 762601E-07
18 1 -0, 169259503 0. 863017505 -0. 801932606 0. 328121E-07
21 1 —0. 3B0161E-04 0. 184757605 0. 406406E-06 -0. 131998E-07
TABLE 3
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6:-71.247 (ASP) 0.518 ~- 3.615 - 5.899 7: 36.344 0.500 1.83500 42.984
8:6.1091.041 9: -11.555 0.450 1.80420 46.503 10: 5.921 1.150 1.92286
20.884 11:27.9355.881 - 2.784 - 0.500 12: 9.555 (ASP) 1.554 1.69350
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: -3.549 0.550 1.84666 23.785
17:-14.233 2.508 -r 4.556 - 6.676 18: -39.634 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 2336685 2%3-43.4/48 2.400 23: INFINITY 1.700 1.51680 64.198
24 INEINITY 31180 251dNJrINITY 0.500 1.51680 64.198 26: INFINITY

SufacaNgs aA1AAS Ajogt 1 0.593353E-03 -0.816542E-05
0.111330E-06 -0.675203E-09 5 1 -0.493322E-03 -0.687128E-05

O.glsa;aeuqng/-u.zf{ ~ . OUZ vd |
-0.64338E00-"GR I9Fc4E-09 0.506 . 1.84666 23788
2: INFINITY 4. 480 1, 92286 20,884
3 INFINITY (Reflective surface) 4 480 1.92286 20,884 |
4: INFINITY 0. 400
5: 15.683 - (ASP) 2. 267 1.77377 47, 200
6:1 ~19.392 (ASP)  0.500 ~ 3.4892 ~ 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 ~ 2632 ~ 0.500
12: 10.870 (ASP) 1.667 1.58613 61. 251
13: -13.076 (ASP) 1.000
14: Aperfure 6.609 ~ 4,354 ~ 2032
15: 10.228 (ASP) 2.762 1.58013 61. 251
16: -5, 504 0.550 1.92286 20. 884
17 -9.814 - 1.737 ~ 3,993 ~ 6,314
18: -75.817 0.500 1. 83400 37.345
10: 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: INFINETY 1.700 1.51680 64,198
94: INFINITY 1.120
25: INFINITY 0. 500 1.51680 64, 198
26: INFINITY i
Surface No. £ At A8 AE AN
5 1 -0.105956E-03 -0, 586460E-06 O, J06B4BE-08 -0, B067B4E-08
.8 1 0.267324E-04  0.922308FE-D8  -0.181160E-06 -0, 2BRE24E-08
12 {1 -0.BEO121E~04  -0.141438E~04  0.504154E-06 0. 2034526-07
13 1 0.234640E-03  0.174123E-04 -0 470843E-05 0. 312608E-06
15 1 -0.157450E-03  0.314827E-04  -0.G1056BE-05 0. 312610F-08
21 1 0.333160E-04 0. 144255E-04 0. 107968F-05 -0, 251109F~07

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

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

angle of viewing; "R" indicates the radius of curvature,
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12 1 0. 430269E-04 -0.354831E-04 0.341845E-05 -0.786579E-07 131
0.322425E-03 -0.318420E-04 0.319048E-05 -0.762601E-07 151
-0,159259E-03 0.86301.7E-05 -0.901992E-06 0.329121E-07 211
-0.380161E-04 0.184757E-05 0.406406E-06 -0.131998E-07 TABLE 3 -
11 FNo.=3.607"-3.83-4.35f=6.91"-11.62-19.61, w = 33.05"-
18.36 - 10.65 Surface No. Rdndvd 1:-20.146 0.500 1.84666 23.785 2:
INFINITY 4.480 1.92286 20.884 3: INFINITY (Reflective surface) 4.480
1792286 R:884 54 tINFINITY 04005 sk B8 éASPY 2226 € 1. F L3 A7
47.200 6:-19.392 (ASP) 0.500 -- 3.492 - 5.624 7: 35.414 0:500 1.88300
40'8652878 d6k°1 TBE 96 813 456 1 HUAR 046503t 100 50089 4 I5Me ;
286 40. 115 47. 50824 -- 2.632 - 0.500 12:.10,970 (ASP%1.667
P o8003 61 501 13 15676 (ASp) 1008 La: ApshFecE B0 4 384"
203015110 220:(ASR) 2162 1.68913'GRLBI" is an aspheric

surface, and the aspheric surface profile is represented by

equation 1 below.

{Egquation 1)

'yz_cz o
X = +>A.Y
1+ 1-g-y*-¢* %

* where,

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

Yy = height in the direction perpendicular to the
optical axis

¢ = paraxial curvature at the lens apex

€ = conic constant

A" = ith aspheric surface coefficient

Table 4 below shows respective numeric values for
satisfying conditions of Conditional Expression (1) for the
zoom lenses shown and described in conjunction with the

first to third embodiments.

TABLE 4

Codifional expression Firstembodiment Second embodiment  Third embodiment

(1) Kpd 1.847 1.847 ‘ 1.823
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16: -5.504 0.550 1.92286 20.884 17:-9.874 1.737 - .3. 993 - 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 No. A6 A6 A6 A'5 1

-0.105956E-03 -0.586460E-06 -0.706848E-08 -0.806784E-08 6 1
0.267324E-04 0.922398E-06 -0.181166E-06 -0.288624E-08 12 1

-0.859%2d4-04 '94@724,3&%%&:5%;5%'%9@503&4%9; gf§ijrration
0.234640E-03 0.174123E-04 -0.410843E-05 0.312608E-06 15

DL 257880 ECG3 0h31 43RTE Dein®) 5LO668E 05 G.c3126:1 GE A6 2dmbodiment

0.33316QE-04 -0,144255E-04 0.107968E-05 -0.251109E-07 In each of
fhe fa Cfégsc S H i% |8§?Jes%h%tl§?ﬁ?nl§éf? POFHICHBES the 136 disEdees

weoiibgicalgs the hanangle,obvievdng; o Ry ipdicates he radiys of
curvature, 12 "d" indicates the inter-lens surfdace distance; "nd" indicates
b pefkRetidn imdex whirréspecttb thethnee anddvds indicates thesAbbe

: dition, each . . . .
Qg&bse%algiacgus aberration diagrams according to the first

embodiment in an intermediate focal distance end position;
and FIG. 6 shows variéus aberration diagrams according to
the first embodiment in a long focal distance end position.
FIG. 7 shows various aberration diagrams accozding to the
second embodiment in a short focal distance end position;.
FIG. 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 ratio to an
open F-number, the horizontal axis represents the defocus,
a solid line is the d line, a broken line is the o line,

and a single-dotted chain line is the g line. For the.
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respective surface shown with "(ASP)" is an aspheric surface, and t.he
aspheric surface profile is represented by equation 1 below. (quatlon _1)
22 X=-YCAI Y1l 1+ 1-e.y2 - C2 where, x = distance in the optical axis
direction from the lens surface apex y = height in the direction
perpendicular to the optical axis ¢ = paraxial curvature at the lens apex E
= conic constant A' = ith aspheric surface coefficient Table 4 below shows

respective numeric values for satisfying conditions of Conditional .
ngtlon
e%ght,

ion(d) f described in,conju
Fggﬁ@gﬂgel@ﬁ,okﬁt@ ‘;99{11&%!18%5)3@ %Qggiﬁgsﬁgl éte;?pereggﬁ)ieﬁrs

with the first to third embodiments. TABL od
erhbolimert®¢ednd eisbadiment itk embotivent (HHNpd 41847 ;847
1.923 -13 FIGS. 4 to 12, respectively, shows various aberration

JiSBFRE BF thé 2081 sl aldbidfmdtorr fiskenitisdibepken line

represents a meridional image plane. For the distortion
aberration, the vertical axis represents the image height,
and the horizontal axis represents the distortion {(%).

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
éosition 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 tha£
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 imaging apparatuses such as digital still
cameras and digital video cameras, but also to imaging
function portidns incorporated in, for example, mobile

phones, personal computers, and personal digital assistants
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in short small focal distance end positions. FIG. 4 shows various
aberration diagrams according to the first embodiment in a short focal
distance end position; FIG. 5 shows various aberration diagrams
according to the first embodiment in an intermediate focal distance end
position; 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
shertfacal distance end position; FIG. 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 ratio to an open F-number, the
horizontal axis represents the defocus, a solid line is the d line, a broken
line is the c line, and a single-dotted chain line is the g line. For the

- 1G -



- 14 astigmatism, the vertical axis represents the image height, the
horizontal axis represents the focus, the solid line represents a sagittal
image plane, and the broken line represents a meridional image plane.
For the distortion aberration, the vertical axis represents the image
height, and the horizontal axis represents the distortion (0). In the
respective one of the zoom lens according to the first to third
1. RepbodimentspasiapparentiromTable 4, L €onditionat Bxpression{lins zooming
satisfied. In addition, as apparent from the respective aberration diagram,
by chpdirepittive Ghefratibhs aie Csitectdd wittPgood BalkiidAg frafiseterized in
tnat, Wide-AN0le,end Rosition, intermediate fogal distance position between the
wide-angle end position and thé teFescoplc end Bosn ion, and the
has clelescopicendpasition. While-the shapes;and copstruetions 8f 8.+ i on memper
individual portions are described and shown in detail with reference to
for  tredmbodimert aive: examples; theyrare merely-practical examplesforand  the
carrying out the present invention, so that they should not be construed
reflegbiihititig the teehnital®Scopeofthe ThvEtition. IhdustRalk Applieshity Thepcwer
and féggma}eﬂ eqm’fetjhne Qre_LSeegt. Isnvrefntclzce)en cg% aﬁq‘aéptgg epg ,tgr?cl%(é?nblg}agﬁlglg ending an
apparatuses such as (Tlgltaﬁ1 still_ cameras an algltzfﬂ video cameras,bbﬁt

opticAlSQIQ IMBYiINGsposed on the most object side and said lens surface is

side

concave with respect to the object side.

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

member 1s disposed on the most object side.

3. A zoom lens Iincluding a plurzlity cf lens groups and performing zooming
by changing an inter-group distance, the zoom lens being characterized in
that a reflection member for bending an optical axis is disposed in a lens
group on a mest object side of the plurality of lens groups, wherein the
reflection member is formed of a prism having a negative refractive power
and an intermediate aperture positicn is fixed during zooming and further
wherein a lens surface of the reflection member for bending an optical axis
is disposed on the most objsct side and said lens surface is concave with

respect to the object side.

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

member is disposed on the most cbiect side.

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



function portions incorporated in, for example, mobile phones, personal

computers, and personal digital assistants - 15 (PDAs) 16 CLAIMS 1. A
enazof000LIERS Inclyding.2 AuTally gLiens oups and periorning 200ming, oy,

changing an inter-group distance, the zoom lens being charactéfized
condithats of the-plrality, of 1ens groups, a lens group on a most object side

has a positive refractive power and is fixed, wherein a reflection member

far bending an opticadlaxisiisiprevided i thedensigroup and the reflection

member is formed of a prism having a negative refractive power and
"RerShrther wherein a lens surface of the reflection member for bending an
Npd ggtigg%gg((i:% i% Igiiggggdo »nttr}ge mroisstmolgjoectisidet%nd saflfl Ietn,s surfa%e is

concave with reSpect to the object side. 2. A zoom Iehs 46cording 16 ciaim

1, characterized in that the reflection 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 reflection member for bending an optical
- AidTiE TSP oRE T AR Nd* GrBRipTorT S tho st Ghjett Sidé Bf therpliraliffof of lens
grouplsengngro%p: b\évmhl%rei%g%igeﬂ ctig:ril1 rplemlber IS for@eq of aé)r!dsm having a

negative refractivé power and an‘intermediate aperturé pokitidn isfixgd ¢ 2n
imag: HUIAG,ZeeMmipg %_QQJHH{L@{Q V\éhﬁ@@ﬁz!ﬁ%z%&'&@%%é@e;fEﬁf'@RQOQoqm lens to

member for bending an optical axis is disposed on the most object side

an eclandrsaiddemsasurface isscoricavewithatus being characterized in that, of
the piurality of lens groups, & 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 and further
wherein a lens surface of the reflection member for bending an optical axis
is disposed on the most object side and said lens surface is concave with

respect to the cbiject sids.

7. An lmaging apparatus according to claim 6, characterized in that the

reflection 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



respect to the object side. 4. A zoom lens according to claim 3,
characterized in that the reflection member is disposed on the most
e1eccQPIECLSIdR 5. AzOOm lens gecording fo any ane of dlaims 1t0 4, - 17, .
characterized in the reflection member is formed of a prism satisfying
ref1cCongditional Expression{1)y1 4 <dNpd-LConditional Expression:(1)): where group
Npd = a refraction index of the prism forming the reflection member. 6. An
on  zjmaging épparatusthaving atzoonrlewsincluding a'pluralityofdens wgroups  the
and performing zooming by changing an inter-group distance, and an
rellealing d&vice for coniVetting dn Bptical mage fermi&d By the Fooindehgtomer
ana 53" electic signal. the,imaging.apparatus being charadterized n hal, of ...
the pluralﬁty 0 11ens groups, a lens group on a most object side has &
wherePRsHive refractive-power andris-fixed; wheteina reflecionmemberdor; ca1 axis
bending an optical axis is provided in the lens group and the reflection
is digpemberds formedbef aoprisnt havilyg arregative refractivef powersandncave with
further wherein a lens surface of the reflection member for bending an
respegptical @is R 8i€pdsed -on the most object side and said lens surface is
concave with respect to the object side. 7. An imaging apparatus
according to claim 6, characterized in that the reflection member is

5. adispesedonthemast abject sidg. 8. Animaging-apparats having a,z00m, .
lens including a plurality of lens groups and performing zooming by
reflechangingraninter-gioup=gistancejandan cbject side.

10. An imaging apparatus according to any one of claims 6 to 9,
characterized in the reflection member is formed of a prism satisfying
Conditional Expression {(1):

1.7 < Hpd {Conditional Expression (1})
where,

Npd = refraction index of the prism forming the reflection member.
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imaging device for converting an optical image formed by the zoom lens to
an - 18 electric signal, the imaging apparatus being characterized in that
a reflection member for bending an optical axis is disposed in a lens
group on a most object side of the plurality of lens groups, wherein the
reflection member is formed of a prism having a negative refractive power
and an intermediate aperture position is fixed during zooming and further
wherein a lens surface of the reflection member for bending an optical
~axis is disposed on the most objggtside apd said lens surface is concave

with respect to the object side. 9. An imaging apparatus according to
claim 8, characterized in that the reflection member is disposed on the
most qbject,side. 10. An imaging apparatus according to any one of

claims™6 10 375¢haracle R n B Teflddfiis nieiiBeF RAtpmberofia phise
gatsfiyings CendiignalBxpession (1.7 <ANpd (Conditional Expression
(1)) where, Npd = refractiocr%a?ndex ofS the pn%r% f(%?rﬁ%ggﬁ%srejﬂ%c%gnes &
Plambeél ty 10f ABSFRAGTpProdded imacr®mm deas plews Size zooming
redug[ion in the depth direction and compactness. The zoom lens includes

- B ORiATIRORIeRR grahps BRORR BHES)aRPperBfmshomingality of

lens groups (GRl to GR35}, a first lens group (GR1l) on the
most object side has a positive refractive power and is
fixed. A reflection member for bending an optical axis is
provided in the first lens group (GRL) and the reflection
member is formed of a rectangular prism (P) having a
negative refractive power. In addition, an imaging

apparatus using the zoom lens is provided,
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by changing an inter-group distance. Of the plurality of lens groups (GR1
to GR5), a first lens group (GR1) on the most object side has a positive
refractive power and is fixed. A reflection member for bending an optical
axis is provided in the first lens group (GR1) and the reflection member is
formed of a rectangular prism (P) having a negative refractive power. In
addition, an imaging apparatus using the zoom lens is provided. FIG. 1--3
WIDE-ANGLE END POSITION TELESCOPIC END POSITION FIG.
412 SPHERICAL ABERRATION ASTIGMATISM 21

WIDE-ANGLE END POSITION

TELESCOPIC END POSITION
FIG. 4--12

SPHERICAL ABERRATION

ASTIGMATISM
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