29 Novenber 2004 DESCRI PTI ON ZOOM LENS AND METHOD FOR NAWH@ g']
SAME 5 TECHNI CAL FI ELD The present invention relates to a zoom I ens having
a high magnification, a conpact size, |ow cost and high performance used
suitably for a video canera, and to a mdthod for manufacturing the same.

10 BACKGROUND ART Conventionally, as a zoom|ens used for a video canera, a
zoom | ens conposed of four groups of |lenses is known, as can be seen in
JP2(1990) - 55308A. The four groups iPERe¥gPT@ONT St | ens group having a
positive refracting force that is fixed; a second |ens group having a
negative 15 refracting force that is novable for varying magnification; a
third | ens gr ofOONBLENS ANIDMETHODS ORMANUFACREURDING THHE SA8ME and a
fourth lens group having a positive refracting force that is novable for
correcting fluctuations of an inmage plane resulting fromvarying

magni f i dat i SRCGIMNIGQASoFHElDf ocusing. The first, second, third and fourth

| ens groups are
addi tigon, pJ P4( 19@?9%041ﬁﬂ%@?@?%@%ﬁ%ﬁﬁr%?%élrﬂelgﬁggagis@agmj%%vent i onal
exanpl e 1) B 10Ty, 8098 ACE §47¢s i 69sicand highupexfprnpaconsed awisellyas

descri bed aﬁ@\eevi'ki@o\dﬁméha%@dﬂdQ%eﬁﬁﬁ%fh%iuﬂa@ﬁ&uhéth@%nfepr the third
| ens group and the fourth I ens group respectively mainly for the 25 purpose

of mniaturization. However, since a glass aspherical |ens needs to be
formed 1y aBASIKGROUBIhARTat a high tenperature, an expensive netal nold

has a short lifetg as&?%élgﬁ a%%%oérﬁrleﬁsgls@asfof‘%p ebcc%h:le!rgnﬁ Joonf R

three tines as h| ass spherical lens
JP9(1997) - 390mposed nedr dorEf tgé@uw‘efefr&alse@ % known, ceavenni dmal SG@Xlarﬂ@I e 2)

:Jses a pl ??JPz(llgeo}%smsgostrh@eﬁﬁﬁt gfuhpmu&ié adfirdt! Bsisi %rdtﬁﬁ%xa
toner at ar PEHERG aSlaghBR dpriE B s G s oRREERS S0 HATid & T
pi ckup Idevi vdranting forbatiyet isumbwablef fopiveeysg malgmﬁ@aﬁdn, @i dnrd leMH SOV
ini atur| zarRonEE %5%@”9 E%?fﬁ%ﬁ%é f%’%f“?‘%%&%gﬂiﬁ Al f?‘%‘&%@?*ﬁé%? %%?mrgr ed
to as a comROFHIYEPITastRg farce) thy lenéameerrefingdinet ‘a%‘tlfmﬁi Afa’a zoom
lens at | oMhe@sHlabie reefltaed RO b@rﬁh@&ﬁa@ﬁﬁ&ﬁhbﬁadnd £1R8 fhinfociSinighi Mihel ens
group of -t hEJ.St second, third and fourth lens groups are disposed from an object side in
20  this order.
In addition, JP4(1992)-104114A (hereinafter referred to as a
conventional example 1) discloses a zoom lens composed of four groups of

lenses as described above in which one glass aspherical lens is used for the
third lens group and the fourth lens group respectively mainly for the
25  purpose of miniaturization. However, since a glass aspherical lens needs to
be formed by a molding method at a high temperature, an expensive metal
mold has a short lifetime, and the cost for a glass aspherical lens is about
three times as high as for a glass spherical lens.
Furthermore, JP9(1997)-311272A (hereinafter referred to as a
30 conventional example 2) uses a plastic lens for cost reduction. However, a
plastie lens has a large coefficient of linear expansion and is also susceptible
to a temperature change, so that its performance with respect to an image
pickup device with a large number of pixels is not sufficient. Moreover, due
to its low refractive index, a plastic lens is not suitable for miniaturization.
35 Furthermore, JP11(1999)-194273A (hercinafter referred to as a
conventional example 3) proposes a method for manufacturing a zoom lens at
low cost by replacing the glass aspherical lens in the third lens group of the



29 Novenber 2004 2 conventional exanple 1 with a plastic ns.
However, the problemwas that this zoomlens is suscepti%%sﬂg%d]%?l‘zgpﬁat I on
caused by a tenperature change as in the conventional exanple 2. As

descri bed above, a gl ass aspherical |eng used for mniaturizing a 5 zoom
|l ens for a video canmera was di sadvant ageously expensive. Mreover, when
the expensive gl ass aspherical |ens was replaced with an inexpensive

pl astic | efenveRidony examplet 1t with A Jplests Asplericalodgrs. c Homever, Ithﬁear
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refraci Lorce that is fixed;, a second I ens group having a negative
refrac BPESS VHEE 54°%vabl e al ong an optical axis and provided with a
function of varying magnification; a third |l ens group having a positive 25

refracting gfﬁ@é@% dﬁﬁ%gﬁ"}’ q?o fourth lens group having a positive

refracting orce an optical axis and provided with a
function of cor iife@tarh@bﬂqqudb@mmsenﬁma'ﬁnuﬂage ogisle 2 ggoin lemg Havdng
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expressions: fwlp gchige the<gh@z-mentioned object, the present invention has the
following structure.

20 According to an aspect of the present invention, a zoom lens is
provided, the zoom lens comprising a first lens group having a positive
refracting force that is fixed; a second lens group having a negative
refracting force that is movable along an optical axis and provided with a
function of varying magnification; a third lens group having a positive

25 refracting force that is fixed; and a fourth lens group having a positive
refracting force that is movable along an optical axis and provided with a
function of correcting fluctuations of an image plane resulting from varying
magnification or changing an object distance, the first, second, third and
fourth lens groups being disposed from an object side in this order, wherein

30  the third lens group and the fourth lens group both include a positive glass
spherical lens and a plastic aspherical lens, and the plastic aspherical lens
in the third lens group and the plastic aspherical lens in the fourth lens
group satisfy the following conditional expressions:

fw /| f3p]<0.02
35 fw /| f4p|<0.02



35 fw/ | f4p | <0.02 29 Novenber 2004 3 where fwis a fo an
entire systemat a wide-angle end, f3p is a focal |engtﬁﬂ%¥5ﬁ%§&%F8§ I C
aspherical lens in the third group, and f4p is a focal length of the
plastic aspherical lens in the fourth ggoup. According to this
configuration, when the refracting power of each 5 lens group is enhanced
for mniaturizatjon, the refracting power needed therefor can be provided
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a pom#_}on Wnﬁ%f aﬁéﬁﬁ irar |ntal rays are alnost afocal in the third group
in such®a MARMETLC abigBEPEL- of fiuctuations in the refractive index or
def or mat i on caumdwbatkerﬁﬁgnhéabﬁaeﬁﬁg@mh @ﬁhe@ﬂaﬁtﬁﬂﬂ@lﬁﬁblﬁ&&%ﬂlyusé@ ghgt
a zoom |l en C ct size an [ erf.or.mance can. be ovi de
at | ow cos 911 glgé &g%(?r %nnsg o Farfot Wgﬁ S 8Ettg8fﬂ% 6?%%&?9‘1}3&%&1’1%& a

met hod f or manmerf dbeweifacts of Abwrtihtossiia thoveltediive hederephotkiconptiosi ng a

t Ihi rd | eRS Faﬁéfﬂl ByabfhrhQie dhangRs AhWPrdARRAC hURLY ahBvhD & #Rd1LT ve
giass 258 eléscsasusceptible to the use environment and has a compact size and high
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Furthermore, it is preferable in the above-mentioned zoom lens that
the third lens group includes 2 lenses in 2 groups composed of a positive
glass spherical lens and a plastic aspherical lens disposed from an object

25 side in this order. By disposing a plastic aspherical lens in a position where
axial marginal rays are almost afocal in the third group in such a manner,
the effects of fluctuations in the refractive index or deformation caused by
temperature changes can be reduced greatly, so that a zoom lens that has a
compact size and high performance can be provided at low cost.

30 According to another aspect of the present invention, a method for
manufacturing a zoom lens is provided, the method comprising a third lens
group and a fourth lens group respectively having a positive glass spherical
lens and a plastic aspherical lens while using at least one or more lenses or
lens barrels of an arbitrary zoom lens that is constructed of a first lens group

35 having a positive refracting force that is fixed, a second lens group having a
negative refracting force that is movable along an optical axis and provided
with a function of varying magnification, a third lens group having a positive
refracting force that is fixed, and a fourth lens group having a positive



| ens and a plastic aspherical |ens while using at |east nﬂ#&? ?@nses
or lens barrels of an arbitrary zoomlens that is constructecf3 I rst

| ens group 35 having a positive refracting force that is fixed, a second

| ens group having a negative refracting force that is novable along an
optical axis and provided with a function of varying magnification, a
third lens group having_ a positive refracting force that is fixed, and a
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exampl 29 ap@@temﬂ i @nal zdcﬁﬁﬁldn%nﬁl wWRRBOPESitNE flads AHpHeéRReallSeASePRgELI Ve
gl ass asph% \gaed & e th]?é Ién orllipr gnd the fourth lens group. In addition, the

first lens group and the second lens group preferably are composed entirely

of glass spherical lenses.
According to the manufacturing method of the present invention,
25 when both the zoom lens of the present invention mentioned above and a
zoom lens other than this type (for example, a conventional zoom lens
composed of four groups using positive glass aspherical lenses for the third
group and the fourth group) are to be manufactured, components (lenses or
lens barrels) other than the third lens group and the fourth lens group can
30 Dbe shared partially or entirely, so that a zoom lens having a compact size
and high performance can be manufactured at low cost using fewer metal
molds or with less capital investment. For example, since it becomes
possible to provide a zoom lens that is suited for a high number of pixels in
an image pickup device at low cost, it is particularly effective for conforming
35 to merchandise lines of a video camera.
By weakening the refracting power of the plastic aspherical lens used
for the third lens group as well as for the fourth lens group, the effects of
fluctuations in the refractive index or deformation caused by temperature



group and the fourth group) are to be manufactured, conpopeRbSenidleP86S OF

| ens barrels) other than the third I ens group and the fourth | ens group can
30 be shared partially or entirely, so that a zoom | ens having a conpact
size and high performance can be manufagtured at | ow cost using fewer

metal nolds or with |Iess capital investnent. For exanple, since it becones
possible to provide a zoomlens that is suited for a high nunber of pixels
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refracting povweenuient aadiasa compaphsize aald Highpeuketharcorcante ditainkd gins
group as wei{dwasstf or the fourth lens group, the effects of fluctuations in
the réfractive 1 ndex or deformation caused by tenperature 29 Novenber 2004
5 changes can be reduced, so that a zoomlens that is |ess susceptible to
the use 5 enBRIOGMPESCRIPTRON D EQPRBRAWIN@ESd hi gh performance can be

obtained at | ow t., 5 BRLEF SCRI PT1 ON THE DRAWNGS FIG 1 is a view
showi ng the confi g‘géafli 6t 81°V4 S’Bgﬁﬁlgéh% qug;umt,;@g of @germ dens ipra fingt

present i nvembodiment & th2 piekerst inve@sioaberrati on properties at a wi de-angle

end of the zoom S ol LISt odinent .of the present.inventign. 10
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t he zoom | e Aenhin the Srstembniliment ofthe hregenédeyantionvention. FIG 4

i [l ustri| es aberrg{@of iNGOR8ELS : s . ; : in
the first eg%odi rreTt of Ltg(raglprse%?éﬁlﬁr\l/gﬁ%ﬁ%ﬁ&%%t%}pgﬁ%gﬁg%#gﬁ t%%](?\% t he
confi gur at i BIF B1°M 16054 § st gmabodimsng of the BrASSAE MEVALLEM. he present
invention. FIG 6FIGI 4siustratesodiert oo proyarpes bt eSteddpvthicdd-fnab goemd of

the zoom Iﬁég% ih@h%%s?%ﬁﬂ)% . ?@ﬁgfﬁrﬁ%ﬁ elgfe.'?tteﬁle%gggesent invention. FIG 7

I Ilustrates abéerration proper a "Rfe position of the zoom
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lens in the seconBlénBasiamaaw dfovcing the evafiguratienvf arroog0lefisGn B second
i 11 uSt il eseaBBATALADSE (HeqReEhMvahtiBnt €l ephoto end of the zoom lens in
t he second enbodi pgent of. the gr e%ent Lnvention, BEST MODE FOR CARRYI NG OQUT
THE | NVENTI ON [ Eft (3B ihtsteates aberration properties at a wide-angle end of the
zoom lens in the second embodiment of the present invention.
FIG. 7 illustrates aberration properties at an intermediate position of
the zoom lens in the second embodiment of the present invention.
20 FIG. 8 illustrates aberration properties at a telephoto end of the zoom

lens in the second embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
[Embodiment 1]
25 Hereinafter, Embodiment 1 of the present invention will be described
with reference to FIG. 1 to FIG. 4.
FIG. 11s a view showing the configuration of a zoom lens according to
Embodiment 1 of the present invention. As shown in FIG. 1, a zoom lens in
the present embodiment has a structure in which a first lens group 1, a
30  second lens group 2, a diaphragm S, a third lens group 8, a fourth lens group
4 and an equivalent glass EG that is equivalent to a cover glass or a low-pass
filter etc. of an image pickup device are disposed from an object side (left side
in the drawing) in this order. The first lens group 1 includes a lens L1
composed of two lenses bonded together and a lens L2 and has a positive
35  refracting power as a whole, which is fixed to a lens barrel not shown in the
drawing. Both lenses L1 and L2 are glass spherical lenses having a positive
refracting power. The second lens group 2 includes a lens L3 and a lens L4
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r espectd(vel g2 shomspettivellnbss SthrRREGBsd 6NGacl 1Al Ridn SirsligheRe; AL n2,.
respectively show a refractive index of each lens with respect to a d-line; and
vl, v2, ... respectively show an Abbe number with reference to the d-line.
Each numerical subscript shows the corresponding number in counting from
the object side in this order. Furthermore, f shows a focal length of an entire

25  system, and F/ shows an F number.

In the drawing, air distances d5, d10, d15 and d20 are variable and
also show each focal length f at a wide-angle end, an intermediate position
and a telephoto end and the above-mentioned variable air distances at the
respective moments.

30 In addition, the shape of each aspherical surface for the plastic
aspherical lens L6 (114, r15) and that for the plastic aspherical lens L7 (x186,
r17) are expressed by the following equation:

=h2/r) /(1 +(1-®+ 1) h2/1r2) 12 + Ah¢ + Bhé + Ch8 + Dhi0 +
Ehi2

35  where x is an optical direction, h is a distance from an optical axis, and r is a
radius of curvature of a reference spherical surface. Aspherical coefficients
K, A, B, C, D and E of the respective surfaces are also shown in Table 1.
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aspherical lens L6 (r14, r15) and that for the plastic aspherical lens L7
(rle, r17) e exp d by he follomnng equation: x=(h2/r)/(1+(1-(K+1).
h2/r2) 1/2)% '2h4+Bh6 %%égDh10+ Hh12 1890wharle x 1.848A60pti car 1dir 23.8on, h
is a diskane@ from2nseptical daxi s, 5amd rnios a {godyp of cu\ygatur@) gf a

reference s ric ce. her coefficients K A B, C Dand E
of the respgtc%fl veaisuﬁgg(ies ar@%gl sobgﬁbwn in Table 1. 29 Novenber 2004 7
Table 1 f=3r#6--73.%k15967 - 6/43 2631000}46n6366d 1.62090n 11. 84866V ¢(R8. 8 5r
223.849d 25:450n 2154683 8300d 30. 150 r 420.159d 43. 000n
31.62041v 3%0 3r 55398%8d 5var| abI 3%123 600d 60. 700n 41.80610v 440.8 10r
76.300d 72.559 r 8-43-689d 80.%60n 5(1.7@9911@\4 5541.806106. 609dv 42. 40118

61. 80518y 62%.4 r 10-@8325. 990g0vargabbe r 11di aphragnd110. 85

15r127. 738d éz 900n 73;13 48749vd§70. 20.%82 %98d11392g%1 ri4 15 888d514471 500n

81. 49176v 8
. 6.609 d9o 2.400 né6 1.80518 v 6 25.4
rl() -23125.990 di0  variable
ril diaphragm dil 0.85
15 ri2 7.738 dl2 2900 n7 1.48749 v 7 70.2
rl3 24,598 dis 0.511
rl4* 15.888 di14 1500 n8 1.49176 v 8 56.7
rib* 15.830 di5 variable
rl6* 30.888 dis 1.500 n9 1.49176 v9 56.7
20 rl17* 29.841 d1l7  0.100
rl8 10.967 d18 0.700 nl0 1.84666 v10 23.8
rl9 5.498 d1g 3.100 nll 1.69680 v11 55.6
r20 -35.300 d20  variable
r21 0 d21 4.000 nl2 1.51633 v12 64.2
25  r22 o0



r15*15. 830d15vari abl e r 16*30. 888d161. 500n 91. 49176v 956. 7.

20r 1729, 841d170. 100 r 1810, 967d180. 700n101. 84666v1023. 8 2 November2004

r195. 498d193. 100n111. 69680v1155. 6 r 20- 35. 300d20vari abl e r2100d214. 000
nl121.51633v1264. 2 25r2200 29 Novenber 20@4 8 variable spacing f d5 d10 d15
d20 3.76 0.698 20.833 8.803 4.000 28.2 16.462 5.118 3.297 9.506 5 73.9
20.567 1.014 10.003 2.800 aspherical coefficients of surface 14 K -6.710 A

- 3.26041 x %:ﬁaf)l;ésﬂag' - 1.09851 x 10 -4 C 7.77231x10"6 D - 2.88541 x 10
-1 E 3.839gfx 0 aspherical coefficients of surface 15 K 5.287 A

2.88796 x 10t3 B 3.2328% x 10 -4 d19 2. 08666 4D -7 20 Dd2MBIE56 x 10 7
E - 6.82847 3780 -9 asphgpgbgal coefsp ghgnts of syghgce 16 Kyogd- 144 25 A

00 BO.O €00 DO
984 06.462 5.118 3.997 9.506
5 739 90.567 1.014 10.003 9.800

aspherical coefficients of surface 14
-6.710
-3.26041 x 1073
- 1.09851 x 10 4
777231 x 1076
- 2.88641 x 1077
3.83953 x 10 79

10

HOowk R

15  aspherical coefficients of surface 15
5.287
2.88796 x 10 73
3.28289 x 10 4
2.08666 x 10 7
2.89656 x 10 7
-6.82847 x 10 °

20

HUQwk» XN

aspherical coefficients of surface 16
-7.144

0.0

0.0

0.0

0.0

0.0

25

H U awk R

30
aspherical coefficients of surface 17

- 4.300

8.96200 x 10 73

1.93390 x 10 76

2.16390 x 10 6

1.35340 x 1078
- 7.60800 x 10 710

35

O QW R



0.0 30 aspherical coefficients of surface 17 K -4.300 A §,28400 25040 73
1.93390 x 10 "6 35 C 2.16390 x 10 -6 D 1.35340 x 10 -8 E - 7.60800 x 10
0
a

29 Novenber 2004 9 In the present exanple, the refracting power of the
stic aspherical lens is defined by tBe follow ng equations: fw/ | f3p
= 0.003 fw/ | f4p | = 0.001 5 where fwis a focal length of an entire
systemat a wide-angle end, f3p is a focal length of the plastic

aspheri cal |ens L iho bhecdichlnl DSyl i BineAoly LABY ulesoRslRGAEnL ARG D Of

the plastic pheri cal "I ens L7 the fo group
il ugt rate ?é{eﬁﬁﬁgbé(t a@%@q@w at an internediate positi on
and at a tel ephotﬁvgqcfg f| tipigogzoom | ens respectively. 10 In FIG 2 to

FIG 4, f shows a n of an entire system F/ shows an F number
and 2w shows an aﬁ’é?gafg |gvéb I'n the spherical aberrations illustrated in

FIG 2 to Fwdiel@ffwﬁs arfomsl leangih offem emtick &stbvet z&:v@dé -‘aRgle e rftgiqu gOI ﬁd :\/In |
Shovs & ner i oltteth o he ORHC I RodcAIBHS I 30 (it letRYopRl AR GRS o

aberrati onsls %ﬁ@é @ﬁt ofthe plastiserspbeneaklensilihin Gwsfoalrt eatsi gmupah be
realized by combi RGO 2dFes 4 IAGEAEALDLFAROAD hia PhARFhfigRSBRET hEAl, | ens

SOEPREAS CSL b C HBWAT I CEC MO Rl oL G MdeL JI
gr oups Hnhd IthIGe@stolE]iGeéL o shofsus fiskal kﬂﬁheﬁ?&%ﬁ@%te@W%?ﬁ,I%@ggzed
fourth | ELSH%O%%S%&‘?%SS%&%CO?rag{ﬁ?%tﬁ?fb Bt TR i seheriah dheriionsy

| east two Kk raged Zigo il Geds és FIGandbE sleows aectﬁhhnel, whill € siews g Cthiae.
manuf act uri Fﬁrﬂlﬁé‘fhﬂo&*é Ym R ﬂSPlY&E atmﬁi::e BLALi PR aPfnds, @@H%s'd]sﬁgiﬁﬂq%aegre of
pixels int rﬁ aﬂ&l\}f sﬁows a ga\éh%lonal image plane,

15 As is clear from these illustrations of aberrations, excellent optical
performance with less aberration can be realized by combining a glass
spherical lens and a plastic aspherical lens as in the present embodiment.

The zoom lens in the present embodiment can be realized at low cost,

for example, by sharing the first and second lens groups and the lens barrels

- 20 used in the conventional zoom lens composed of four groups of glasses as
described above, and replacing the third and fourth lens groups with the
configuration of the present embodiment, at least two kinds of zoom lenses

can be manufactured while sharing the manufacturing facility. Moreover,

E
B
-1
pl
I

depending on a change in the number of pixels in the image pickup device of
25 avideo camera, zoom lenses to be combined can be selected appropriately and
manufactured more easily, so that a variety of merchandise lines can be
realized with less capital investment.
Embodiment 2
FIG. 5 is a view showing the configuration of a zoom lens according to
30 Embodiment 2 of the present invention. The zoom lens in the present,
embodiment differs from the zoom lens in Embodiment 1 in that the plastic
aspherical lens L7 in the fourth lens group 4 is disposed on the side of an .
image plane of the glass spherical bonded lens LS. The configuration other
than this aspect is the same as that in Embodiment 1, and the component
35 members having the same functions as those in FIG. 1 have been given the
same reference numerals, and the redundant explanations thereof are
omitted.



25 a video canera, zoomlenses to be conbined can be selqgjﬁgwgﬁﬂﬁgg@iately
and nmanufactured nore easily, so that a variety of merchandise |1 nes can
be realized with | ess capital investnment. Enbodinent 2 FIG 5 is a view
showi ng the configuration of a zoom | ensi@ccording to 30 Enbodi ment 2 of
the present invention. The zoomlens in the present enbodinent differs
fromthe zoomlens in Enbodinent 1 in that the plastic aspherical lens L7

in the fourth | engygr ag:! ane of
the glass s herl cg gg%g“ef%l ‘i‘aﬂle %%ﬁﬁﬂ's"%%o;r#b%%rgg ?gﬁesa@hébe Zgﬂgﬁi

aspect is theboshment % nakhg HaEﬂb@dﬂaﬂﬁmetﬂ iy dblehé }weptlwemm&na&nmgrs
havi ng the ﬁgiETﬁHIéCI_I ons as those in FIG | have been given the sane

ref erence nuneral s, and the redundant expl anations thereof are omtted. 29
Novenber 2004 10 The follow ng Table 2 shows exanpl es of values for the
zoom lerls in Enbodinent 2. The various nmarks etc. in Table 2 have the sane
nmeaning as in Table 1. 5Table 2 f=3.74§-,43..4F/1.66 - F/3.24 r 145.883d
11.000n 11.84666v 123.8 10r 223.833d 2 1211 8h 21.60311v 260.6 r 3-135.640d
30.150 r 420.326d 43.000n 31f63061v7380. 3 F/BE66-3BPRHvariable r 631. 633d
60. 700n 41.80610v 440.8 15r 76.307d 72.529 r 8-8.099d 80.700n 51.72916v

554.7 r 96.455d 92.400n 61.80518v625, 4 r10193. 733 dl0vari abl e
r 11di aphr aghd110. 855883 28. 289d122. bR 7148740846660, 2 r 1334, 4728180. 548

r14*17.477dd41. 50023643319176vd 856. 75.886* Iy2412dlsysa1 abl e 9 60.6

r3 -135.640 d3  0.150
r 4 20.326 d4 3.000 n3  1.62041 v3  60.3
rbH 53.370 db variable
ré 31.633 dé 0700 n4  1.80610 ‘“v4 408
15 7 6.307 d7 2529
r8 -8.099 d8 0700 n5  1.72916 v5 54.7
9 6.455 d9 2400 n6  1.80518 vé 254
rl0 193.733 d10  variable
rll  diaphragm d11  0.85 .
20 12 8.287 di2 2900 n7  1.48749 vl 702
rl3 34.473 dis  0.548
rld* 17.477 dl4 1500 n8  1.49176 v8  56.7
r15* 17.412 d15  variable
ri6 10.207 dié 0.700 n9  1.84666 vg 238
25  rl7 5.407 d17  3.100 nl0  1.69680 vi0 556
r18 -56.378 d18  0.100
r19* -30.888 di9 1.500 nlil  1.49176 vil 567
r20* -29.841 d20  variable
r21 oo d21  4.000 nl2 1.51633 vl2  64.2

30 122 oo



r1610 207d160. 700n 91. 84666v 923.8 25r175.407d173. 100n101 SONHL

r18-56. 378d180. 100 r19*-30. 888d191. 500n111. 49176v1156. 7 29R6 200%
r20*-29. 841d20vari abl e r2100d214. 000 n121.51633v1264.2 30r22CO 29 Novenber
2004 11 variable spacing f d5 d10 d15 d2@; 3.76 0.700 20.881 8.809 4.000
28.2 16.335 5.246 3.242 9.567 5 73.4 20.558 1.023 10.009 2.800 aspheri cal
coefficients of surface 14 K -7.366 A - 4.36433 x 10 '"3 10 B - 9.69352 x
10 -5 C 4. D-- 1.55699 x 10 _7 E 2.08018 x 10 -9 15

x.10.
aspheri cal gg‘é%‘g}c?eqﬁ%gof surface 15 K 3.300 A 6.08972 x 10 -3 B
-4 14075x10-5f C 3.197685x 10 -5 20dI®-- 7.908821% 10 -7 Ei?D 77467 x 10

"9 asphericglygcoef fici enzgpof surf%%S%Q K 5. 081§0§5 A 0. Ogoo. 0 CO0.0

DO0.0 EO0.Q
28.2 16.335 5.246 3.242 9.567

5 T34 20.558 1.023 10.009 2.800

aspherical coefficients of surface 14
- 7.366
-4.36433 x 10 72
-9.69352 x 10 75
4.60273 x 1076
~ 1.55699 x 10 77
2.08018 x 10 ™®

10

Hoowk N

15  aspherical coefficients of surface 15
3.300
6.08972 x 10 73
-4.14075x 1075
3.19769 x 10 78
- 7.90882 x 10 77
7.77467 x 10 ™

20

Hogaoawr R

aspherical coefficients of surface 19
5.019

0.0

0.0

0.0

0.0

0.0

25

HO oWk X

30
aspherical coefficients of surface 20

- 10.064

1.19933 x 10 2

1.24795 x 10 3
- 2.47896 x 10 ™4

1.63710 x 1075
-3.76317x 1077

35

MY oW >



36 aspherical coefficients of surface 20 K - 10.054 A 1.19f et B0 B
1.24795 x 10 -3 35 C - 2.47896 x 10 -4 D 1.63710x10-5 I:jggg%ﬁbléx % 7 29

Novenber 2004 12 In the present exanple, the refracting power of the
plastic aspherical lens is defined by thg follow ng equations: fw/~ f3p|
= 0.003 5fw/ I f4p | =0.001 FIG 6 to FIG 8 illustrate aberrations at
a wide-angle end, at an internediate position and at a tel ephoto end of
this zoomlens respectively. The marks etc. in the drawings are the sane
as those in FIG 2 to FIG 4. The zoomlens in the present enbodi nent is
abl e to achi eve ektéh¢ pnesent@xapipleathepeaffantivanpewer bhtle phasticeasphesical

aberration gdyigq@ﬁhgd%eqﬁgoﬁmméné Furthernore, as in Enbodi nment

1, for exanple, by sharing t n conponent nenbers as those used in
t he convenm)onal %Béméﬁnio&ﬁﬁoosed of four groups of glasses, the
manuf actauri ng facfqu)fz;paln:l@eo(;lhar ed, 15 so that the cost (r:Tgndbe reduced,
d i et f chandi lines can b realized. The e i ment s
descr i bed above af Koaft WIGA &t FEIGIG, APRITARPRS, At anPISHABEIS PAL R iy t he
techni cal coreemediadé posiign esdnat anbedstiodoeraindf tlh]i?_zq@miﬁm résp\éefiwlilgﬂ I's
t to be c [ ._baj LTl a s, For
exanpl e, thi’ﬂﬁan?%%ﬁ%t@-ﬁ%ﬁgeﬁéﬁﬁfs@ B e %éfa%ginaisé’t%%ﬁﬁ ﬁiﬁ- 2%5@%%%
pol yret hyl net hactf geem(lepmun thedressainginbodimaryismble meachicvet axcelde
M t subi ghi @l gerforkiatice WM PESw MROLS 2t Uh&abbn %@%9% GeR 68
t0 ot he e

Co., Ltd.), than this material, It is also possi to use a
pol ycar bonaIEBlLtF élélinﬁn%lgC) (for exanple, "PANLITE'" manufactured by 25 Teijin

Chenmical s Ltd., "FuRihe@orepmsf actBnbddhygei tulirsbkamplgi beeshagngl gsd i cs
Cor por ati 0ndom thofY EdrhFofb it WbBEM RS thbQd 858 R Bie conventional zoom lens
. composed of four groups of glasses, the manufacturing facility can be shared,
15  so that the cost can be reduced, and a variety of merchandise lines can be
realized.

The embodiments described above are all used strictly with the
intention of clarifying the technical contents of the present invention, and the
present invention is not to be considered as being limited to such specific

20 examples. For example, the material used for the plastic lenses in the
examples was polymethyl methacrylate (PMMA) (for example, “ACRYPET”
manufactured by Mitsubishi Rayon Co., Ltd., “SUMIPEX” manufactured by
Sumitomo Chemical Co., Ltd.), but other than this material, it is also possible
to use a polycarbonate resin (PC) (for example, “PANLITE” manufactured by

25 Teijin Chemicals Ltd., “IUPILON” manufactured by Mitsubishi
Engineering-Plastics Corporation), a cyclic olefin polymer (for example,
“ZEONEX” manufactured by Zeon Corporation, “ARTON" manufactured by
JSR Corporation, “APEL” manufactured by Mitsui Chemicals, Inc.), a
styrenic resin (for example, “ESTYLENE MS” manufactured by Nippon Steel

30  Chemical Co., Ltd.), a polystyrene resin (PS) (for example, “DIC STYRENE”
manufactured by Dainippon Ink and Chemicals Incorporated), a
low-hygroscopic acrylic (for example, “OPTOREZ” manufactured by Hitachi
Chemical Co., Ltd., “ACRYPET WF100” manufactured by Mitsubishi Rayon
Co., Ltd.) or the like.

35 For example, when a polycarbonate resin (PC) is used, heat resistance
and deformation due to moisture absorption can be improved compared to
using polymethyl methacrylate (PMMA).




"ZEONEX" manufactured by Zeon Corporation, "ARTON' nanuf @N&%&YZO(“}@R
Cor poration, "APEL" manufactured by Mtsui. Chemcals, Inc. a styrenic
resin (for exanple, "ESTYLENE M5" manufactured by N ppon St eeI 30 Chem cal
Co., Ltd.), a polystyrene resin (PS) (fat3exanple, "Dl C STYRENE"

manuf act ured by Dai ni ppon I nk and Chem' cals Incorporated), a

| ow- hygroscopic acrylic (for exanple, "OPTOREZ" nanuf actured by Hi tachi

Chem cal . d .
) Cor the' | ikerogREbE TG Oty cPMUER Hatt iy S uld %E‘Q*Eé%%%ﬁ(éed,
heat resi st defosmagion d’emortﬁam(uﬁtlﬁaeab&)moﬂ AB eh@s om;womﬂ cenmsiderahlyr oved

conpar ed t0wﬂ§ﬁﬂ%@&&f§%ﬁ@/@ﬁ€#é’!&9fyl ate (PMVA). 29 Novenber 2004 13 For
exanpl e, when a cyclic ol efl ynmer i s used, heat resistanc

po and
def or mati on due t §OhB¥ampte A SEYISRIC RSB AT ArRAlE me%ﬁ%amZPagwuseds
wi t hout Zlet ghid inatdantheddreptidineRpeisivelgxanpl e, when a styrenic resin or a

pol ystyrene resing(PS) 1S,US the |lens can be created,i ex iyely.
For exanpl e, vvhgnFé1 F WR%%@%B%WQMQ‘PFC@PE%&% 18 &]é‘f’g’r ‘f‘r%fg}l&gf éi/uet 0
noi st ur e abhbmns*}tune ahsonpéionngamobhetinpfavetdher nor e, when a pol ycar bonat e

resin is used, Fhﬁi}g ﬁiorré‘b%ehoﬁé ?%ns Qxﬁ%ﬁu#t%ﬁ%ﬁhat% hit ?% d@sﬁ‘gﬂﬁ {er ‘o

beconme suffici ent

er than t
i nprove str&3E he QﬂFﬁrn‘g@mQ’Uﬁé ofrg| lgnadodee Cm@b’@%% ‘é]@ﬁn §be Qlltﬁe
pl asti c10 ensffedtivd\@iatditeslin 6FterdhAuRrovs stﬂa@s sfh@sd hr tle@ﬁadwhntg*@téour th

| ens group may be,nmade dif f er ent ter.i he sanme r
materlgal pl\/brgove% S 4 ajged q éﬁﬁpﬁ?%&}eg@a‘#@cfﬂ%}lﬁlﬂghﬁ& eé‘)?ﬁfﬂ}lgsﬁﬁh%?sl ng
glass 15 sphmtllcdeils e bhe fourdh lethe gfouys mayees noprdeuyf diffdrdiiteresat onatetiahs
group, but @?ﬁ‘%ﬁ&%s&ﬁiﬁéﬁqﬂay be used for the first | ens group and/or

t he second ens ro e use of as herlcal | enses for the first | ens
group and/or the 9‘?1‘631 itawas gxplatngdberelestingdothe exgmmes physingslast i on

aber r ati®pnssptisticd Tedkbd forl hih% ﬁiéﬂﬁldii{seg%ﬁ la{ﬂ&fthboébcﬁﬁﬂ ReyscaFdugdb@pt in
di fferent Val‘latl.Oi 20 wit ﬁ%}g%fromthes B} nd the Ialms
of this i nverRIGICALArRFcPHEaY be <hIORS errub gnili P fraseatd T,
broad sensegr@®. NGEtebes oﬁmﬂlencal lenses for the first lens group and/or the second

lens group is effective for correcting distortion aberrations and so forth.

Thus, the present invention can be carried out in different variations
20 without departing from the spirit and the claims of this invention, and the
present invention is to be interpreted in a broad sense.



14 CLAIMS 1. A zoomlens, conprising: a first lens group RanLgniR BEGL ti Ve
refracting force that is fixed; 5 a second |ens group having a negative
refracting force that is movabl e  al ong an optical axis and provided with a
function of varying magnification; a tfyrd |ens group having a positive
refracting force that is fixed; and a fourth |lens group having a positive
refracting force that is novable along an optical axis and provided with a
function ofle8Mcti ng fluctuations 10 of an inmage plane resulting from
varying magni fication or changing an object distance, the first, second,
third and f.ourt Iens oups bei.ng di sposed froman object side in this
or der, Wnerlel n F‘r%f’ C@ gp and the fourth I ens group both include
a 15 positive glfasislsmﬁgroupalhaﬂmga poxitiee péfasdting freph eéhatcialfistedns; and t he

| asticg aspherig Sti heri cal
Fens [ nst heIo four%obggéné Brcﬁ%? 5"; @gétl\?éf# &H’%%%ﬁ% Elﬁoltﬁa 0P
expr essi ongdongan opticgh aJFISé’Gl JEI‘OVM@C? withf & functiqn obvaying magrificatiory f ocal

length of an enti m@%ﬁgeg%af) r?amgis-p%mm mctﬁ%pfofée tatfi9¢akq! gRgth of
the plastic aspggfﬁl ca lens 1n the third group f ocal Iength

of the plastic le o hvipRE POSIUR TRlaahne Joresn el ds s
accordi ng tad:ortg ahmphca]/\bmrsaﬂd pﬁﬁnﬁm :wi’ltli arf&nggoﬂp)f %&mmrﬂxmh a&oﬂlgu:al et
conpos a erical lens and a astic aspherical |ens
di sposgdéi i Phm a(rilsdoag e§ a%e gés uﬁﬁng R &@Fﬂgsm%&’%‘%%’al %1 © actliring a
zoom | ens ©bigstidésstagce, th| rd lens group and a fourth I ens group

respectively hawlmﬂar& Qeédﬁd‘tﬁngﬂé%&fcﬁﬂkﬂﬁ%ﬁ%%?&ﬁféeﬁéﬁzlgqgr a-.?efa 281 &n

aspherical |ens e ysing at | east one or ens {giarrel s of
a zoom | en&PigshsidesincBig oFd ed of a first lens group having a positive

re]f racting fOrC@VI%dﬁé%lﬂ&tﬂi}ﬁ@EIﬂmsagr&ﬁﬁcﬁlﬂi ﬂﬁhtsmﬂomlé@(ﬂu g @flﬂi@ﬁﬁi%é’& .
refracting force t.ha ng _an. opti i.S_and pr.ovi Wi a
functi #ﬁ oPOSHIi & GS?’@'BE‘FFF%@{) a[gﬁf Y %?‘Ech Q?Er}eﬁﬁ’v?lﬁ tg’ fifve 35
refracting aisphe:ecalﬂans s the thtd leunsi geodupanththegplasc asphervaligna ipdhet i ve

refractinggf,auh 99@ | provided with a
function o Cor?%%%?{ la%%lggﬁﬂ gaébn(?ﬁ&bﬁﬁ @%gsrlgggl ting from
Varyi ng fVV/lfS <0 02

fw/ |f4p|<0.02

20  where fw is a focal length of an entire system at a wide-angle end, f3p is a
focal length of the plastic aspherical lens in the third group, and fp is a
focal length of the plastic aspherical lens in the fourth group.

2. The zoom lens according to claim 1, wherein the third lens group
25 comprises a doublet composed of a positive glass spherical lens and a
plastic aspherical lens disposed from an object side in this order.

3. A method for manufacturing a zoom lens comprising a third lens
group and a fourth lens group respectively having a positive glass spherical
30 lens and a plastic aspherical lens while using at least one or more lenses or
lens barrels of a zoom lens that is constructed of a first lens group having a
positive refracting force that is fixed, a second lens group having a negative
refracting force that is movable along an optical axis and provided with a
function of varying magnification, a third lens group having a positive
35 refracting force that is fixed, and a fourth lens group having a positive
refracting force that is movable along an optical axis and provided with a
function of correcting fluctuations of an image plane resulting from varying



29 Novenber 2004 1 5 magnification or changing an object £ §LaRG5y 2
first, second, third and fourth |ens groups being di sposedﬁ%rom anbdgfj ect

side in this order; wherein the plastic aspherical lens in the third | ens
group and the plastic aspherical lens {&# the fourth | ens group satisfy the
following 5 conditional expressions: fw/ |I f3p 1l <0.02 fw/ | f4p |
<0.02 where fwis a focal length of an entire systemat a w de-angle end,
f3p is a MeRENICEHGR Proshangng) an objecisPrtancealthe dirst,i seqomd, tthinddagdoup,
and f4p is feurthleh®gpbup£being dikpbdl Rbashh Gbjsdthedd Eathis@p8ed;n the fourth
group. ABSTRACT A zogﬁrln I ans.i ncl Hdes 31 first | eggjrgr ou é_lé havé%a

posi tive refractiHgeit S Plasts appheqicalens wwathe, n]§ngr apP(3 ing a
negati ve r glasitt iasphieoicak lethain i themdyatthe lehongoap eptisfalthaex fsllearitg

provi deg WcBHdﬁiJﬂéﬁ%ﬁ?&s?Jns“ar ying magnification, a third lens group (3)
having a positive reffacting force that is fixed, and a fourth | ens group
(4) having a podw/if®|<&92cting force that is novable along an opti cal
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Thus, a conpact zoom | ens having a high magnification ratio of 20 tinmes can
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