Speci fication ZOOM LENS AND | MAG NG DEVI CE Techni ca
Field The present invention relates to a zoom
| ens and an inmagi ng device equi pped therewith, said
zoom | ens being suitable for the inaging optica
systemof digital input and output devices such as
digital still caneras and digital video caneras on

account of its conpact sl variabl e power,
Background Art Régeéé—ﬁgggéfﬁg ve W tnessed the
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still caneras, which are equipped with a solid-state
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have an i nproved image quality as they becone popul ar
nmore than before. Particularly, those digital stil
cameras equi pped with a solid-state imging el ement
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especially a zoom|lens, wth good inmage-formng
perEbenameeenfhéyvaneiahsmeﬂeerreo to zbensiehk Bnd an
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abf% %1 ery effectlve way to reduce | ens di aneter
nd ength (or to reduce the overall lens size) for
the opti cal system having the positive refracting
power at the object side and the negative refracting
B#ﬁ%%?bdﬂd tahe i mage side, in the case of conventional
caneras for silver salt film
Unf getunat ebYrsi hadeesingkspedmthemciiel ensesistionf vid ¥ne
exhi bit their condensing performance because
i ensesdgveddre axidiqaupeil Jteidrl tdend rage wwirdracere
and are arranged in front of the solid-state inmaging
eceligment withe sprsalllieindtsattchaimadieng nelgendart ghtniesistal still
extrenmely varies in going fromthe image center to the
cameage edie requireThe objeett aof im‘tm‘mteemjzre@tqeorqu@m as
fully achieved in the optical system equipped with a
they! csigt @ ARvagith g e gt @t i s thslel @sker i tHeose
patent docunent because the optical system enploys a
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reflecting nmenber whith are large in size. D sclosure
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conpl eted to address the above-nenti oned probl ens.
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| ens and an i magi ng devi ce equi pped therewith. The
mazgonmd ensluce aonpasiett off atp wadn t yerod 1enshgrdipsction
arranged at variable intervals and hence capabl e of
ofpmweri agar isatiicoy Mmrebver the qunted hsswsfércting a prism
nmenber to bend the optical axis, and its |ens groups
are characterized in that the last | ens group (counted
fromthe object side) consists of a negative |ens
group and a positive lens group, with an an | ayer
i nterposed between them which are sequentially
arranged fromthe object side. In addition, the
present invention is directed to a zoom |l ens and an
I magi ng devi ce equi pped. therewith. The zoomlens is




air layer intarposed between them which are
sequentially arranged fromthe object side. The
advant age of the present invention is that the entire
| ens system can be mniaturized and the position of
entrance pupil can be placed away fromthe inmage
pl ane. This leads to size reduction and thickness
reduction for the zoomlens and the imgi ng device
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Fig. 1 is a diagramshow ng the |lens arrangenent of
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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 zoom type, because

the optical system employs a front lens and a reflecting

member which are large in size.



Figs. 11A to 11C are diagranms show ng the aberrations
which. the zoomlens in the third exanpl e experiences
when adtisted to the end position of the short focal
| engt h. Figs. 12A to 12C are diagrans show ng the
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experiences when adiusted to a position of the
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the negative l'ens group of the last |ens group should

apreferabi yorsatisfypide congdition defined by the
inequality (1) bel ow,
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 reduction for



0.9 < falfw <1.25 where, fa denotes the focal |ength
of the neaative lens group in the |ast | ens group, and
fw denotes the focal length at its w de end. The
inequality (1) given above defines the focal |ength of
the negative lens group in the last Iens group, If the
focal length is snmaller than the lower limt of the
inequality (1), then it would be difficult to correct
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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.

Best Mode for Carrying Out the Invention

The invention will be described in more detail with

n



vd Abbe's nunber ASP : aspherical surface The shape
of the aspherical surface is definec, by the formnula.
bel ow. where, . distance fromthe vertex of the

| ens surface neasured in the optical axis y : height
measured in the direction perpendicular to the
opticalaxis C: paraxial curvature neasured at the

| ens vertex : conic constant the i asphe.rical
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npl es

demonstrated in the embodiments is a compact one intended
for use with imaging devices such as video cameras and
digital still cameras. The present invention covers 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 reflecting mem-
ber to bend the optical axis passing through the lens
groups and a last lens group (counted from the object side)
which is composed of a negative lens group and a positive
lens group, with an air layer interposed between them (ar-
ranged sequentially 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 to the present embodiment,
the lens groups should preferably be constructed such that
the first lens group (counted from the object side) is
stationary and contains said 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.



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.

The inequality (1) given above defines the focal
length of the negative lens group in the last lens group.
If the focal length is smaller than the lower limit of the
inequality (1), then it would be difficult to correct the
edge coma and the chromatic aberration of magnification.
If the focal length is larger than the 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 is 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 GR1 (positive), a second



lens group GR2 (negative), a third lens group GR3 (posi-
tive), a fourth lens group GR4 (positive), and a fifth lens
group GR5 (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 opti-
cal axis through 90°, and a positive lens G3 having aspher-
ical surfaces on both sides.

The second lens group GR2 consists of a negative lens
G4, a negative lens G5, and a positive lens G6, which are
cemented together. The third lens group GR3 is a positive
lens G7 having aspherical surfaces on both sides. The
fourth lens group GR4 consists of a positive lens G8 having
an aspherical surface at the object side and a negative
lens G9, which are cemented together. The fifth lens group
GR5 consists of a negative lens G10 and a positive lens Gl11,
which are cemented together, and a positive lens G12.
Incidentally, “LPF” denotes a filter, “CG” denotes a cover
glass, and “IMG” denotes the receiving surface of the imag-
ing element.

Fig. 2 i1s a diagram showing the lens arrangement of
the zoom lens in the second 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 second example consists of a
first lens group GR1l (positive), a second lens group GR2
(negative), a third lens group GR3 (positive), a fourth

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



Inequal ity Exanple 1 Exanpl e 2

(negative), which are arranged sequentially from the object
side. The first lens group GR1l 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 GR2 consists of a negative lens
G4, a negative lens G5, and a positive lens G6, which are
cemented together. The third lens group GR3 is a positive
lens G7 having aspherical surfaces on both sides. The
fourth lens group GR4 consists of a positive lens G8 having
aspherical surfaces on both sides and a negative lens G9.
The fifth lens group G5 consists of a negative lens G10 and
a positive lens Gll. Incidentally, “LPF” denotes a filter,
“CG” denotes a cover glass, and “IMG” denotes the receiving
surface of the imaging element.

Fig. 3 is 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-
tion. 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 group GRS
(negative), which are arranged sequentially from the object
side. The first lens group GR1l 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



Exanpl e Exanple 1.157

both sides.

The second lens group GR2 consists of a negative lens
G4, a negative lens G5, and a positive lens G6, which are
cemented together. The third lens group GR3 is a positive
lens G7 having aspherical surfaces on both sides. The
fourth lens group GR4 consists of a positive lens G8 having
an aspherical surface at the object side and a negative
lens G9, which are cemented together. The fifth lens group
GR5 consists of a negative lens G10 and a positive lens Gl1,
which are cemented together, and a positive lens Gl2.
Incidentally, “LPF” denotes a filter, “CG” denotes a cover
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 GR2
(negative), a third lens group GR3 (positive), a fourth
lens group GR4 (positive), and a fifth lens group GR5
(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 GR2 consists of a negative lens
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G4, a negative lens G5, and a positive lens G6, which are
cemented together. The third lens group GR3 is a positive
lens G7 having aspherical surfaces on both sides. The
fourth lens group GR4 consists of a positive lens G8 having
an aspherical surface at the object side and a negative
lens G9, which are cemented together. The fifth lens group
GR5 consists of a negative lens G10 and a positive lens G11,
which are cemented together, and a positive lens G12 having
an aspherical surface at the object side. Incidentally,
“LPF” denotes a filter, “CG” denotes a cover glass, and
“IMG” denotes the receiving surface of the imaging element.
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

o : 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



1, 045 1,113 0. 98B

ASP : aspherical surface
The shape of the aspherical surface is defined by the for-

mula below.

2 2

s ; ;
s J—— VLS ¢
14+4/1-£-y* ¢
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

Al : the i*™ aspherical constant

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 zoom lens being adjusted to the end position of
the short focal length.

Figs. 6A to 6C are diagrams of aberrations in Example 1,
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with the zoom lens being adjusted to a position of the
intermediate focal length.

Figs. 7A to 7C are diagrams of aberrations in Example 1,
with the zoom lens being adjusted to the end position of
the long focal length.

Figs. 8A to 8C are diagrams of aberrations in Example 2,
with the zoom lens being adjusted to the end position of
the short focal length.

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

Figs. 16A to 16C are diagrams of aberrations in Example 4,
with the zoom lens being adjusted to the end position of
the long focal length.

In the diagram showing the spherical aberration, the
ordinate represents the ratio to the open F value and the
abscissa represents the defocus, and the solid line, broken
line, and chain line represent respectively spherical aber-
ration due to d-line, c-line, and g-line. In the diagram
showing the astigmatism, the ordinate represents the image
height and the abscissa represents the focus, and the solid
line and broken line represent respectively the sagittal
image surface and the meridional image surface. 1In 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 tele end position), and the tele end
position is properly corrected.

The foregoing description is about some 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



Figs. 5A to 16C show aberrati ons observed in Exanpl es.
Figs, SA to 5C are diagrans of aberrations in Exanple
1, with the zoom | ens being adjusted to the end
position of the short focal length. Figs. 6A to 6C
are diagrans of aberrations in Exanple 1, wth the
zoom |lens being adjusted to a position of the

ab niraw@@f@@fvéogﬁa A@@gm i gfmu?fn%oszﬁ?s@re di agr ans
of aberrations in Exanple 1, wth e zoom | ens being

adj ustedt ta-d& herend posdiHd M@t tdie dang figals to the

l ength. Figs. 3A to BC are diagrans of aberrations in
ifxeopéee2; Whhindhe zoomh@nsebedngaadsusied tontdeuriza-
end positioh of the short focal length. Figs. 9Ato 9C
tarve df agnansooh abesratilonsused ERanpded2e wdmdrddheand
zoom | ens being adjusted to a position of the
dipterhediate fovaratength.

Industrial Applicability

The zoom lens pertaining to the present invention may
be applicable not only to imaging devices such as digital
still cameras and digital video cameras but also to other
imaging devices to be built into mobile phones, personal

computers, and PDA (personal digital assistance).

15



Figs. 10A to 100 are diagrans of aberrations in

Exanple 2, with the zoom |l ens being adjusted to the

end postion of the long focal length. Figs. 11A to 110

are diagrans of aberrations in Exanple 3, with the

zoom | ens being adjusted to the end position of the

short focal length. Figs. 1211 to 120 are di agrans of

aberrations in Exanple 3 i the zoom | ens being

adjusted to a position o$£$%%§Internediate foca

l ength. Figs. 13A. to 130 are diagrans of aberrations

in Exanple 3, with the zoom | ens being adjusted. to

the end pesitiiensobrt heel epgef aeak nheagbhurakigy. ok4hens

to 14C are di agrans of aberrations in Exanple 4, with
grdupes z@eMJens heiing rdidistied teaddigseent posiitaitdrofin

the short focal length. Figs. 15A to 150 are di agrans
intefrvalier fcattivers) itheExXand erbupswi i itdie czogmilserss sbdiasg:

adjusted to a position of the internediate foca
lensengtchup Riqgsin tEBIA o 60:earado JoH g reairdks Jofwhalsdy rigt icomposed

in Exanple 4, with the zoom|ens being adjusted to the
of endrgsediitvicon- s O UGS dealodidrigteh.lens grayp,t e th an

_ di,agram showi ng the spherical aberration, the ordinate

ain dpriddent’s AIRS o4t iR e e N6Fen aF Rl GRe ariusRe 1ally

absci ssa represents the defocus, and the solid |ine,
frﬁﬂwﬁﬁﬁwéﬁlﬁé% éﬂéggﬁain line represent respectively

spher.i cal erration _due to d-line, cline, and.g-Lin

PRSP ag P ST HOAG GG aGEPYRab oS Ré oy dr Rt SEoup

anr. tst . Lo ¢ hepi .

s RS TR Taag ST Bl T I ne Snd B ok PO
l'ine representcrespecti yeby the sagittal image surface
and the neridional imge surface. In the diagram

wheShoW g et SHafd i tbalt eyt nat ecHept g tihehs
i mage hei ght and the abscissa represents the

grdligstior tiren (49t lens grhe,zeom |enses@aceordingdanl he
first to fourth exanples satisfy the inequality. (1)

leraglshownitd midealdred 5. As shown in each di agram of
aberration in the Exanple, each aberration with the
zoom | ense being adjusted to the wi de end position,
the internmedi ate position (between the w de end
podi t TéR aRe™t Rentele €vd ip6st o) 21and /t HESEEle &RE
position is properly corrected. The foregoi ng

LeTfe YRS Gif§ SABRCSone DPriet ered Erbigfi ments of t he
di scl osure of the invention and it is intended that
the configurations and structures of all matter shown
as preferred enbodi nents shall be interpreted as
illustrative and not in a limting sense,

T f , g i t. ' t -

3 o SR R ST YR O TR E g™

plUBdiatprd Zatd on ofo e 200md Bpsnd oD dieed f0r-adKiaose
caneras and digital 'still caneras, Industria

to ARRHiLali ity intervals between the lens groups and also
equipped with an imaging element to convert the optical
images formed by said zoom lens into electrical signals,

wherein said zoom lens comprises a last lens group (counted

from the object side) which is composed of a negative lens
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The zoom | ebs pertaining to the present invention may
be applicable not only to i magi ng devi ces such as
digital still caneras and digital video caneras but
al so to other imaging devices to be built into nobile
phones, personal conputers, and PDA (personal digital
assi st ance), 1. A zoomlens of the type having
graumplandla tgooft henslegroupsund widityiang dir gower iimter-
response to variation in intervals between the |ens
PO D UPRL Wi cH Fonprs e ed | setuqrenst Igno i o ddvet edpiect
~fromthe object side) which is conposed of a negative
si4es group and a positive lens group, with an air

U SRR T S T b
oo lp 11 a1 LR 9 R ST 453 1 SN0, S B

fa denopeg gh$f59ggh Lepgth of the negative |ens group
in the 'ast lens group, and fw denotes the foca

whd 200t aledd S MidR 8bal length U¥e ZROMALNS RS lens
defined in Caim1, wherein f%e | ens groups are
gr&aPosethof 1 £dtv e drensy AP ssnd. AR IR NG HEeHee 1
equi pped with a zoomlens having a plurality of |ens
lergrtupst ainits warda nghd .n power in response to variation
in intervals between the | ens groups and al so equi pped
with an inmagi ng el enent to convert the optical inmages
formed by said zoomlens into electrical signals, .
Whdr-ei Fhsaiidagdan I0eis ceompr ideddngd 48t CLeas groliperein
(counted fromthe object side) which is conposed of a
they et § VEF PENS 236t SUPRATRE S Posiitis e Iend G eiip, with
an air layer interposed between them (arranged
sequentially fromthe object side); wherein the
negative |l ens group of the |last |lens group satisfies
the condition defined by the inequality (1) below 0.9
< Ifa/fw < 1|.25 where, fa denotes the focal |ength of
the negative lens group in the last |lens group, and fw
denotes the focal length at its w de end. 4. The
i magi ng device as defined in Caim3, wherein the |ens
groups are conposed of five |ens groups.
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