- 1 SO05P1630 DESCRI PTI ON ZOOM LENS AND | MAGE- Pl CKUP
APPARATUS Technical Field The present invention
relates to new zoom | enses and i nage-pi ckup
apparatuses, and in detail relates to a zoom |ens
suitabl e for caneras photo-detecting with an i mge-
pi ckup el enent, such as a video canera and a digital
still camera, and an inage-pi ckup apparatus using the
zoom | ens.  Background Art A recording method has been
known in that the |um nous ~power of an object %$ 10
formed on a surface of an inmage- pickup el enent g& Hé
i mage- pi ckup el enent using a photoel ectric transducer,
such as a CCD (charge @@%@*%ﬂfﬂﬂkvice) and a CMOS
(conpl enentary netal - de sen1conduct§ig, IS
convert ed Fﬂ?% %%N%I%Nﬁllr@ﬁgu?655u%yg% Mot oel ectric
transducer so as to record it. Along with the recent
technol ogi cal progress in mcro- fabrication
Téﬁgghgbguglegjcentral processing unit (CPU) is speeded
up and nenory nedia are highly integrated, so that
hi ghheapacidit iimrgatdahare Whi«h dravewbeesndi édduldnd o
handl e, have got to be processed at hi gh-speed. Al so,
irlsigghbirkeei s elvenent srndr én higid il imstiegeat ed andoon
mniaturized, so that the recording at high spati al
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t he
pickup element, such as a video camera and a digital still

camera, and an image-pickup apparatus using the zoom lens.
Background Art

A recording method has been known in that the luminous
power of an object image formed on a surface of an image-
pickup element by the image-pickup element using a
photeoelectric transducer, such as a CCD (charge coupled
device) and a CMOS (complementary metal-oxide semiconductor),
is converted inte an electric output by the photoelectric
transducer so as to record it.

Along with the recent technological progress in micro-
fabricaticon technique, a central processing unit (CPU} is
speeded up and memory media are highly integrated, so that
high-capacity image data, which have been difficult to
handle, have got to be processed at high-speed. Also,
light-receiving elements are highly integrated and
miniaturized, so that the recording at high spatial

freguency is enabled due to the high-integration and the




2 SO5P1630 entire canmera is mniaturized due to the

m niaturization. However, a problemhas arisen in

that the light receiving area of the individua

phot oel ectric transducer is reduced due to the

hi gh-integration and the mniaturization, so that the

noi se effect is increased along with the reduction in

el ectric output. For preventing this, there have been

approaches to the increase in | um nous power arriving

on the light-receiving el enerit by increasing an

aperture ratio of an optical systemand to the 5051630

arrangenent of a micro-lens elenent (so-called
enfiiceocheasa aky aynisadirdcent due eachheématirhgtion.

mcro-lens array limts the exit pupil g03|t|on of

theHP%@&?%y§t@ﬁPbéPFhﬁﬁﬁha¥%S%RWﬂb§hth§ Puh%ﬂﬁhs flux
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e an he princi beam arrivi ng at

sd h’:%atl I:HQtnéﬁé?ee'é/ﬂﬂ&teh%@m:ré‘@iécﬂ%dlo@ﬁé thenoptical
axis is increased so that the angle of the off-axia

racuwtaodsifl eXxecttwardtbhe . pi Eburecperritpher yhi.e, t ieere
optical axis is further increased so as not to arrive

haore bhenl fghroaded Honghel énentase rigsuluiingusnPPudt nous
power shortage. Various inventjons have been discl osed
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2QRiot Limges yia, the aboye;rent]oned phot gplesiLis:e
of a micro-lens element (so-called micre-lens array)
adjacent to each element. The micro-lens array limits the
exit pupil positicn of the lens system, although it guides
the luminous flux passing between elements adiacent to each
other to the element. That is, when the exit pupil position
of the lens system comes close to the light-receiving
element, the angle of the principal beam arriving at the
light-receiving element defined by the optical axis is
increased so that the angle of the off-axial luminous flux

toward the picture periphery Lo the optical axis is further

increased so as not to arrive on the light-receiving element,

resulting in luminous power shortage.

Various inventions have been disclosed about zoom
lenses suitable for cameras for recording object images via
the above-mentioned photoelectric transducer.

For exanmple, a mainstream zoom lens for a video camera




For exanple, a mainstreamzoomlens for a video canera
3 SO05P1630 includes a so-called PNPP four-Ilens group
conposed of a positive |lens group, a negative |lens
group, a positive lens group, and a positive |lens
group arranged fromthe object side in that order. In
particular, a zoomtype has been minly used in that
during variations, the first and third |[|ens groups
are fixed in the optical axjal direction; the second
| ens group functions as a variator; and the fourt%
| ens group functions as a conpensator. Al ong wit [FO°F L1630
recent high-integration of the |ight- receiving
ingllenent &, seheallerds PEY St Emihakebear mibnicatippigeédot and
advanced in capabilities. For this end, it is
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refracting power exists, f he negati ve dlstortlon has

naleen dibhi culind0 d@%l@gr rect gdiomd, the widerangh ecrend;
As the variator is only the second |ens group, the

lemef gactipBga poveirzddas nbeen dptfdegulaxitad uereceﬂunedUﬁnr
obt ai ning a predeterm ned vari abl e power ratio,
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with the other lens groups. As a result, the third
lengn§ TgHBUP N HaOFe@? CoRPBEBRS DT positive partia
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receliving elements, the lens system has been miniaturized
and advanced in capabilities. For this end, it is
especially essential to preferably correct variaticns due to
aberrations accompanied by lens variations in position.

In the PNPP four-zoom lens group mentioned above, since
only one lens group having negative refracting power exists,
the negative distortion has keen difficult to be corrected
at the wide-angle end. As the variator is only the second
lens group, the refracting power has been difficult to be
reduced for obtaining a predetermined variable power ratio,
so that the negative distortion needs to be corrected with
the other lens groups. As a result, the third lens group
has been composed of a positive partial group and a negative
partial group so that the negative distortion being liable
to be generated at the wide angle end is preferably

corrected and simultaneously the third lens group 1is




to be generated at the wde angle end is preferably
corrected and sinultaneously the third I ens group is 4
SO05P1 630 constructed to have strong positive
refracting power for astringing the |um nous fl ux
exhal ed fromthe second lens group. It is generally
known that use of an aspheric lens be effective for
conpatibility between the mniaturization and the
of fering high-performance. In the second | ens group
serving as a vari ator, mﬁfh4thh refracting power, the
di spl acenent required for a predeterm ned vari abl SPL630
power ratio is reduced, so that the entire | ens
cdrengtibtedntbehaveducedy Pheinbes riadimngiggneratediwhen
the refracting power is increased have been corrected
asfyiadepti ke ahnigypiedilezsarhated frpn féeprppond lens
four-zoom | ens group nentioned above, it is known
94Nt i nventions specifically adopting the aspheric
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si xt h enbodi nent of Japanese Unexam ned Patent
trApRifireat hgnh Pyibt doatdrensicNo.  08- 2160298;0rtbhe esecgndup

l ens group is conposed of a biconcave |lens and a
sdhiviongvex kemsriatand tHéhsbifhceeadjdcent rooethethfrage

side of the biconcave |ens arranged nearest to the
dyﬁﬂl@@pmﬁgta§@%@$qqg o pheredetermined variable power

ratio is reduced, so that the entire lens length can be
reduced. The aberrations generated when the refracting
power 1is increased have been corrected by adopting an
aspheric surface.

In the PNPP four-zoom lens group mentioned above, it is
known that inventions specifically adepting the aspheric
lens to the second lens group include Japanese Unexamined
Patent Application Publications No. 08-160299, No. 11-5223¢,
and No. 2002-36554.

In the sixth embodiment of Japanese Unexamined FPatent
Application Publications No. 08-160299, the second lens
group 1is composed of a biconcave lens and a biconvex lens,
and the surface adjacent to the image side of the biconcave
lens arranged nearest to the object is aspheric. 1In the
fourth and fifth embodiments of Japanese Unexamined Patent
Application Publication No. 11-52236, the seccnd lens group

is composed of two negative lenses, and the surface adjacent




fourth and fifth enbodi nents of Japanese Unexam ned

Pat ent Application Publication No. 11-52236, the

second lens group is conposed of two negative | enses,

and the surface adjacent 5 SO5PI630 to the inmage side

of the negative neniscus |ens arranged nearest to the

object is aspheric. in Japanese Unexam ned Patent

Application Publication No. 2002-36554, the second

| ens group is conposed of a_ negative neniscus |ens and

a cenented lens of a biconeéave |ens and a positive

l ens, and the surface adjacent to the inmage sides®fF1630

t he biconvex lens is aspheric. However, in the second
td élre greup sed¥ing dAs acgaridtorsniidies dfehsariraknged

l um nous flux passes through off the optical axis at
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tnr h i . di t t the tel i
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cdidaldictly 1dgE eg F of ali Qe akleNeensagnd Ny JARANGSE lens, and
Unexam ned Patent Application Publication No.

t 3851606299, awhereithea canveXmhenss sik fate ref bitbavkensens
arranged nearest to the object of the second | ens
igregpeopposes an aperture di aphragm the eccentric
coman is liable to develop in the picture periphery at
t hECWRERT ant et eIyt RETHI EFBUBCERAYFRITI Y Produceer.
duri_ng nangfgcturigg, and because of three single,
11F%ﬁ§g§?x%ﬁ CREHY glgénﬁaﬁges through of% t%e gptlcal
axis at the wide angle end while the on-axial luminocus flux
passes through in a spreading state at the telescopic end,
s¢ that the eccentric coma is liable to develop even by the
micro-eccentricity produced during manufacturing, resulting
in a problem of the optical quality deterioration.

Hence, as in Japanese Unexamined Patent Application
Publication No. 08-1602%8, when the convex lens surface of
the lens arranged nearest to the object of the second lens
group opposes an aperture dlaphragm, the eccentiric coma is
liable tc develop in the picture periphery at the wide angle
end by the micro-eccentricity produced during manufacturing,
and because of three single lenses, the eccentric coma is
liable to develop in the picture center at the telescopic
and by the micro-eccentricity produced during manufacturing,

resulting in the difficulty in maintaining predetermined

optical guality.




liable to develop in the picture center at the
tel escopic end by the mcro-eccentricity produced
during manufacturing, resulting in the difficulty in
mai ntai ni ng predeterm ned optical quality. 6 SO5P1630
In the zoom |l ens disclosed in Japanese Unexam ned
Pat ent Application Publication No. 11-52236, because a
diffraction optical elenent is included, although the
nunber of lenses is small, the diffraction has been
changed by the mcro- eccen§r|0|ty pr oduced durln
manuf acturing, so that the correction state of SP1630
aberrations is varied, resulting in a problen1of t he
di f £ ctibd yzdam deihai i nglaspt edetiemanred Uoptacaled
performance. Hence, a barrel structure and an
Pa&@jﬂ@sﬁﬁﬁhtcm%&qh%ltcﬁ@s@nt Fe- ebeemaitei chw@@lu@ed

urin nanufacturln is ﬁressed as _nmuc
d]ﬁéﬁF Fan PR Jr(v‘eadul e“tsbs %?11{4?&rb§|l,tgpugbr ot prEber
cﬁgqgnthg ?915551 '“ﬁ? Ctlg Vﬁ%s C%ﬁg ggted 'the
réesu t|n ncrease I'n cost . t Joomy ens
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Publ i cati on 002- 36554, betcause the convex |ens

thSeurcfoa@ecauslan:g@ﬂt@djfa@@a&rtaalbzh@ objeaticaf, tBeuiting in
bi concave | ens having an aspheric surface opposes the

a gpebtlameodi dphragnicuie yconaoduel tiond ke peedent rncaty
and developed in the picture periphery is Iargely

onfarPedpe 5BOTRAELS t héleasel cal Pyt tyf had useenn

deterlorateﬂﬁgye to.the ﬁ ght assenbl e er&or %5|n
aqﬁ%ﬁﬁpgeFuy? ﬁég&mﬁﬁﬁg ccentricity produce uring

manufacturing is suppressed as much as possible are required,

so that the barrel structure and the adjustment operation
have been complicated, resulting in a high increase in cost.

In the zoom lens disclosed in Japanese Unexamined
Patent Application Publication No. 2002-326554, because the
convex lens surface arranged adiacent to the cobiect of the
biconcave lens having an aspheric surface opposes the
aperture diaphragm, the coma due to the eccentricity and
developed in the picture periphery is largely wvaried, so
that the optical quality has been deteriorated due to the
slight assemble error during manufacturing, resulting in a
problem of the difficulty in cbtaining stable optical
quality.

The present invention solves the problems described
above and it is an obiect thereof to provide a zoom lens and

an image-pickup apparatus using the zoom lens capable of




problemof the difficulty in obtaining stable optica
gquality. The present invention solves the probl ens
descri bed above and it is an object thereof to
provi de a zoomlens and an inage-pickup apparatus
using the zoom | ens capable of 7 SO5P1630 achieving
stable optical quality by inhibiting an effect of
assenbl e errors during manufacturing. D sclosure of
Invention In order to solve the problens described
above, a zoom |ens accordiAg-to the present invention
includes a first |ens group having positive S05P1630
refracting power; a second |lens group having negative
adrgfevaeti Bgapoyesst dedinidid 1kenshgr ompi bhavongnpesitives s
refracting power; and a fourth | ens group having
agyogittlicverrefs adtti gy powerfacwhkthgare arranged from an
object side in that order, and during variation in
DissHesupssPti baV¥torfi™a wi de angle end state to a
tel escopi c end tate, the fjrst and third | ens groups
ar e TFi XEFRLT (POdet GPA HEQP bOM (150RE 1aPang PRy = 290m
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an i mage side, and t'he four €ns group moves SO as
1. %Q@E§n§§§§n$|é&%ﬂ%ﬂveo@%kackEﬁQ%ﬁw&%ﬁf%C%eQQﬁatl&%%
due to the shift of the second | ens group, and an
gaRey tukendi aphaiagn irs anrangedoatdacenttHiod henebjesip
side of the third Iens group or within the third |ens
hegrigyp posandvé sré finead-iny thecopt dedla axiwlthdileest gomp
during the

having positive refracting power, which are arranged from an
object side in that order, and during wvariation in lens
position from a wide angle end state Lo a telescopic end
state, the first and third lens groups are fixed at
predeternined positions along the optical axis, the second
lens group is moved toward an image side, and the fourth
lens group moves s50 as to compensate fluctuations in image-
surface position due to the shift of the second lens group,
and an aperture diaphragm is arranged adjacent to the obiect
side of the third lens group or within the third lens group,
and is fixed in the optical axial direction during the
variation in lens position, and the second lens group
includes a negative meniscus lens with a concave surface
opposing the image side and a cemented lens of a biconcave
lens and a positive lens with a convex surface opposing the
object side, which are arranged from the cbject side in that

order, and the negative meniscus lens is made of a compound




variation in |lens position, and the second | ens group

i ncl udes a negative nmeniscus lens with a concave

surface opposing the inage side and a cenented | ens

of a biconcave |ens and a positive lens with a convex

surface opposing the object side, which are arranged

fromthe object side in that order, and the negative

nmeni scus |lens is made of a conpound SO05P1630 | ens of

a glass lens and a resin lens fornmed adjacent to the

i mge side of the glass |en%, the | ens surface

adj acent to the inage side of the resin |ens beiS#gP1630

aspheric, and the follow ng conditional equation (1)
leing sdt bsfleds Ich)s pRd>alr#5inwhere fmnies! bhgaawver age the

refractive index of glass |enses constituting the
inggeonddeens Yroupamst Repespett 1 Srtaf;facel Adopdert tte

sol ve the problens described above, e- ICK%P

t@pﬁ%ﬁ?u%‘:i%cﬁ diftg rteélf‘héeﬁ? ety |W&%’ﬁ g PActid
f&il%%gg]lgggdlnﬂng En%%%l kﬁg E|e n%f&%r .

converglng optitca |ﬁﬁges 8756 1 ens into

eleggylgzs;gn@@s and the zoon1|ens |ncludes a first

|l ens” ' group having positive refracting power; a second
wHe@RS ngr OHPthdamidG Regatri-ver [ e raclid:N@ Powets Achddd d

| ens group having positive refracting power; and a
cohetiithtienstige cugrchaviirgs posip i wietlr efesaeticngopowery .

whi ch are arranged froman object side in that order,

andTdup¥eRy Viar isativentha Pemsl Pusidsisen 1 LR onPay W d@

angle end state to a tel escopic end state, the rst
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includes a zoom lens and an image-pickup element for
converting optical images formed by the zoom lens into
electric signals, and the zoom lens includes a first lens
group having positive refracting power; a second lens group
having negative refracting power; a third lens group having
positive refracting power; and a fourth lens group having
positive refracting power, which are arranged from an object
side in that order, and during variation in lens position
from a wide angle end state to a telescopic end state, the
first and third lens groups are fixed at predetermined
positions along the optical axils, the second lens group is
moved toward an image side, and the fourth lens group moves
so as to compensate fluctuations in image-surface position
due to the shift of the second lens group, and an aperture
diaphragm is arranged adjacent te the object side of the

third lens group or within the third lens group, and is




positions along the optical axis, the second |ens

group is noved toward an inmage side, and the fourth

| ens group noves so as to conpensate fluctuations in

I mage-surface position due to the shift of the second

| ens group, and an aperture diaphragmis arranged

adj acent to the object side of the third |Iens group

or wiwthin the third I ens group, and is 9 S05P1630

fixed in the optical axial direction during the

variation in |I|ens positiﬁn? and the second | ens roun

i ncl udes a negative neniscus lens with a concavéDgo 630

surface opposing the image side and a cenented |ens
figfeda ibi cbRcaveltehsidnd aipestipvedhesy bhiet Nagiedhyexin

surface opposing the object side, which are arranged,
lerrrsOmOtSHéleay etl st'rlzﬁe %qﬁwtnﬁatleaﬁ d%FOU%rﬂdwtllﬁ’éiesnégﬁtE?%”e

neni scus | ens, % a _co oun | ens of
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i'mage si de he resin | ens being aspheric, and

widie f@on%”QurEQ&@'dﬁM@' gequat bepnedd)siic, sahiishi edo

(1) n2 > 1.75, where n2 is the average refractive
atfdepedoft rghaske | @nses scerstint uhéngotde: secondhkens

group with respect to d ray. Therefore, according to
ndade ipregent stpvehtion;s thelst hitcknegsraind Henseebnd glass

| ens group is reduced so that conpatibility between
leHe afichifatGFi 2at Foh HEHECheorFerFnt® HighHIpert §rfante

I S possi bl e.
he ass lens, the lens surface adjacent to the image side

of the resin lens being aspheric, and the following
conditicnal equation (1) is satisfied:

(1) n2 > 1.75,
where n2 is the average refractive index of glass lenses
constituting the second lens group with respect te d ray.

Therefore, according to the present invention, the
thickness of the second lens group is reduced s¢ that
compatibility between the miniaturization and the offering
high-performance 1is possible.

A zoom lens accerding to the present invention includes
a first lens group having positive refracting power; a
second lens group having negative refracting power; a third
lens group having positive refracting power; and a fourth
lens group having positive refracting power, which are
arranged from an object side in that order, and during

variation in lens positicon from a wide angle end state to a




A zoom |l ens according to the present invention

includes a first |ens group having positive

refracting power; a second |ens group having negative

refracting power; a third |ens group having positive

refracting power; and a fourth |ens group having

positive refracting power, which are arranged from an

object side in that order, and during variation in

| ens position froma wi de angle end state to a - 10

S05P1630 tel escopic end stt&te, the first and third

l ens groups are fixed at predeternined positi ongsC5PL630

along the optical axis, the second |lens group is
tatevedpt onand amtiayageesitdest amed tte rf aehkshgkenss gEoup

noves so as to conpensate fluctuations in
tixgdgetsor ek posiad onsdbéonsd shenshibet optirhe setondhe

| ens _group, and an aperture diaphragmis arranged
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in the third | ens and is
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negatlve meni scus lens wth a concave surtace

grePPOShAg iNesjdmge cSiidepBpdga cemetedcliens 8ted: to the
bi concave lens and a positive lens with a convex

ckgertacédeppdsiing tthhed objectrsiudde;r whitbhnacke atkangjetkns
fromthe object side in that order, and the negative

grgeRi seid fensids! nadéhef ot eompounidil [dénscoton ghassy
lens and a resin lens forned adj acent to the inmage

Chei gaTof Tt fRe Yt d<ds ERSITE AR I%ﬁ‘é %Fﬁ@é’“ﬁd}‘é’&%n‘i@@

in%ﬁ%dena enééﬁ@u&fn%%?a%ﬁ?'fe$§Q§uﬂF%n%o% Qgrégrfggg

opposing the image side and a cemented lens of a biconcave
lens and a positive lens with a convex surface opposing the
object side, which are arranged from fhe object side in that
order, and the negative meniscus lens is made of a compound
lens of a glass lens and a resin lens formed adjacent to the
image side of the glass lens, the lens surface adjacent to
the image side of the resin lens being aspheric, and the
following conditional equation (1) is satisfied:

(1) n2 > 1.75,
where n2 is the average refractive index of glass lenses
constituting the second lens group with respect tec d ray.

Also, an image-pickup apparatus according to the
present invention includes a zoom lens and an image-pickup
element for converting optical images formed by the zoom

lens into electric signals, and the zoom lens includes a




followi ng conditional equation (1) is satisfied: (1)
n2 > 1.75, where n2 is the average refractive index of
gl ass lenses constituting the second | ens group with
respect to d ray. Also, an inage-pickup apparatus
according to the present invention includes a zoom
| ens and an i mage-pi ckup elenment for converting
optical inmages forned by the zoom lens into electric
signals, and the zoom | ens includes a SO5PI 630 first
| ens group having positive ilefracting power; a second
| ens group having negative refracting power; a tHGFL630
| ens group having positive refracting power; and a
£ ifreur ttbnkeasougrioup rhavioad tposi t & ves fefiraeiivig ; pewescond
whi ch are arranged from an object side in that order,
lerrd ddgrbngavand atd wrkiive rkénscposd tooredir emtaiwddeens
angle end state to a telescopic end state, the first
gﬁﬁﬂ? Pﬁ?ﬂagl%ﬂ%lEﬁYﬁui$f&@étﬁpﬁeﬁo%?r p?ébé%épﬁﬂﬁédlens
ons a ong%the 0 axi s, the second
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mage- surface position due to't e second
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adj acent to the object side of the third |Iens group

erar swiathi, nthbefihitt chrdcensigrolpns @neipss afrex@dxien fhe
optical axial direction during the wvariation in |lens

pysositeirpanedneot hel ec gAdrbehse gpoup-a li meligdesha second
negati ve neniscus lens with a concave surface

h%ﬁb&§PH@ %ﬁem?W%bé“§FH€ ahd B2 eentied anghshef fgqurth

1J%SC%Q%3¥ moves S0 as to compensate fluctuations in image-

surface position due to the shift of the second lens group,
and an aperture diaphragm is arranged adjacent to the object
side of the third iens group or within the third lens group,
and is fixed in the optical axial direction during the
variation in lens position, and the second lens group
includes a negative meniscus lens with a concave surface
opposing the image side and a cemented lens of a biconcave
lens and a positive lens with a convex surface opposing the
object side, which are arranged from the object side in that
order, and the negative meniscus lens is made of & compound
lens of a glass lens and a resin lens formed adjacent to the
image side of the glass lens, the lens surface adjacent to
the image side of the resin lens being aspheric, and the
following conditicnal equation {1) is satisfied:

{1 n2 > 1.75,




| ens and a positive lens with a convex surface
opposing the object side, which are arranged fromthe
object side in that order, and the negative neniscus
lens is made of a conpound lens of a glass lens and a
resin lens forned adjacent to the imge side of the
glass lens, the |l ens surface adjacent to the inmge
side of the resin |l ens being aspheric, and the
followi ng conditional equation (1) is satisfied: (1)
n2 > 1.75, - 12 S05PI 630~ Wiere n2 is the average
refractive index of glass |lenses constituting theé05P1630
second lens group with respect to d ray. Therefore,

wHeltet Re Z90oMhd ense @ceonditRgct Ovd NEndesaNtylabBVeshi o,
the thickness of the second | ens group is reduced so
conisati toonpat ot | d¢aprgetiweengt bep minitatwrsipeati on andat he

of fering high-performance is possible. The
i magee Bt ckiip l@pﬁéﬁaﬁagmak%%ﬁcﬁqﬂyrﬁénﬂhéop?%%é?ﬁesent
i nventi on_can_be n1n|atur|zed whi | e hi gh- qual
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descrl con tlonaP equ&flon
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the radi us of curvature of the | ens surface™ nearest
adp@ rbhesi sagerside tof thheprentseusndens dnnckhersecond

l ens group and Da is the distance fromthe |ens
nigukpfacezRe whinld He om-deadngl eirengk: st@te beoobheined by
aperture di aphragm
using the zoom lens accerding to the present invention.
In the invention described in Claims 2 and 6, the
conditicnal eguation (2) is satisfied:
(2) 0.25 < Rs/Da < .45,
where Rs 1s the radius of curvature of the lens surface
nearest to the image side of the meniscus lens in the second
lens group and Da is the distance from the lens surface Rs
in the wide angle end state to the aperture diaphragm,
Thereby, the change in coma generated corresponding to the
change in angle of view in the wide angle end state may be
preferably corrected.
In the inventiocon described in Claims 3 and 7, the
conditional equation (3) is satisfied:
(3) 0.7 < {R1 - R2)/(RL + RZ} < 0.9,
where Rl is the radius of curvature of the lens surface

nearest to the object side of the negative meniscus lens

arranged in the second lens group and RZ is the radius of




Ther eby, the change in coma generated corresponding to
the change in angle of viewin the wi de angle end
state may be preferably corrected. In the invention
described in Clains 3 and 7, the conditional equation
(3) is satisfied: (3) 0.7 < (R - RR)/(R + R2) < 0.9,
where R is the radius of curvature of the |lens
surface nearest to the object side of the negative
meni scus lens arranged in the second | ens group and
R2 is the radius of - 13 - S05PI 630 curvature of the
| ens surface adjacent to the i mage side of glasss05P1630
| enses constituting the negative neniscus | ens
caangedok nthd el second faens agh aupnt Thereky inapeekfstor
of assenble errors during manufacturing may be
glsypprlessed sonasitutargehiheveegtbbte roptiscals deakity
while the I ens systemmy be further mniaturized. In
aqqﬂ§geﬁvéﬁtF%ﬁ %ﬁ%ﬁﬂq GéﬁslﬁfepﬁrnsTQP%ﬁhy Sa“tﬁéfeCt of
con tlonal s satisfied
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ens system’in st at

bd trdShkhent gead  dengi h of the entlre l ens systemin
the tel escopic end state. Hence, the change in

of f raxtiad @AberTtdbinoBedueibedthe change 4i Aanleds the
position nmay be preferably corrected.
conditional equaticon (4) is satisfied:
(4y 0.3 < |£21/(fw-£f21/2 < 0.4,
where f£Z is the focal length of the second lens group; fw is
the focal length of the entire lens system in the wide angle
end state; and ft 1s the focal length of the entire lens
system in the telescepic end state. Hence, the change in
off-axial aberration due to the change in lens position may
be preferably corrected.
Brief Description of the Drawings
Fig. 1 is a drawing showing refractive power
arrangenments of each embodiment of a zoom lens according to
the present invention also showing whether esach lens group
is movable or immovakle.
Fig. 2 is a drawing showing a lens configuration of a
first embodiment of the zoom lens according to the present
invention.

Fig. 3 shows every sort c¢f aberration drawings in a

numeric embodiment 1 having numeric numbers incorporating




Brief Description of the Drawings Fig. | is a draw ng
showi ng refractive power arrangenents of each
enbodi ment of a zoom | ens according to the present
i nvention al so showi ng whet her each lens group is
novabl e or imovable. Fig. 2 is a drawing show ng a
| ens configuration of a first enbodi nent of the zoom
| ens according to the present invention. Fig. 3 shows
every sort of aberration drawings in a numeric
enbodi ment 1 havi ng nuneri ¢*hanbers incorporating '4
S05P1630 the first enbodi nent together with Figs?%1630
and 5, and this draw ng shows the spherica
trabdrirati enpodsthegatdospherdiwstor Fion, “arddceonaaind ahis
w de angle end state. Fig. 4 shows the spheri cal
drapenCathens &Rt i ghatiism! 28rSEeEi?N, AHRITESHET n an
internedi ate focal |ength sta 5 shows the

‘ t Fig.

SHREFTERr SBBITHRT O “adtrGnaLy b S ST H on, and
coma, n 3 gl esqopic end;slate, Fig. 0 i 5.8 dran ng
sh 8 of ‘a enbodr nment

ow ng a l[ens configuration secon

diQft SR8 c300BhY eNSHACGOTA NG tEOnEHE P 68RNAL 1LRYERt LPRke .
Fig. 7 shows every sort of aberration drawings in a

nunetc enbodisment 2phavingl naberdc iunbessigmatism,

i ncorporating the second enbodi nent together with
diFtggti8nandr®, camd itrhiss tedeawbpye stiowss telte .spheri cal

aberration, astigmatism _ ‘

Fig. 6 1s a drawing showing a lens configuration of a
second embodiment of the zoom lens according to the present
invention.

Fig. 7 shows every sort of aberration drawings in a
numeric embodiment 2 having numeric numbers incorporating
the second embodiment together with Filigs. 8 and 9, and this
drawing shows the spherical aberration, astigmatism,
distortion, and coma in the wide angle end state.

Fig. 8 shows the spherical aberration, astigmatism,
distcrtionr, and coma in an intermediate focal length state.
Fig. 9 shows the spherical aberration, astigmatism,

distertion, and coma in the telescopic end state.

Fig. 10 1s a drawing showing a lens configuration of a
third embodiment of the zoom lens according to the present
invention.

Fig. 11 shows every sort of aberration drawings in a

numeric embodiment 3 having numeric numbers incorporating

the third embodiment together with Figs. 12 and 13, and this




distortion, and coma in the wide angle end state. Fig.
8 shows the spherical aberration, astigmatism
di stortion, and cona in an internediate focal |ength
state. Fig. 9 shows the spherical aberration,
astigmatism distortion, and coma in the tel escopic
end state. Fig. 10 is a drawi ng showing a |l ens
configuration of a third enbodi nent of the zoom | ens
according to the present invention. Fig. 11 shows
every sort of aberration-dfawings in a numeric
enbodi ment 3 havi ng nuneric nunbers incorporating0IH&E30
third enbodi mrent together with Figs. 12 and 13, and
drahiisig- shbwS06R 630he rdrcaM Bfeshowsor hessphenikcah,
aberration, astigmatism distortion, and coma in the
digitde tangl eavtidoGtaatien thegwid? sholws arve sgpiteri cal
aberration, astigmatism  distortion, and coma in an
i nt EF%d]r%t%th‘“’&cglhel ERQER S} htP T IRt 0N 32 8 hbvEA T Hd
Spheri.cal aberratian, astignmati distorti.on nd
G Tt T 150t G eRACSCATE 1 O R4 P ATl BER S
di agram pof an,enhedi oBAL. Of. 1 h8,e i TRYSHDI GKUP e ¢ o,
apparatus according to the present invention. ‘Best
a:Medethien, Cand yidige Qut thBecknuentdhon <the shest .node for
carrying out a zoomlens and an i nage- pi ckup
appatat usé accer ditpgkt 0i beapreSent cmbventeon cfMdHe be

descri bed below with reference to the attached
imﬂq&wpﬁggpp apparatus according to the present invention.

Best Mode for Carrying Out the Invention

The best mode for carrying out a zoom lens and an
image-pickup apparatus according to the present invention
will be described below with reference to the attached
drawings.

A zoom lens according to the present invention is
composed of a first lens group having positive refracting
power, a second lens group having negative refracting power,
a third lens group having positive refracting power, and a
fourth lens group having positive refracting power arranged
from the object side in that order. During the variation
from the wide angle end state with the shortest focal length
to the telescopic end state with the longest focal length,
the first and third lens groups are fixed at predetermined
positions along the optical axis; the second lens group 1s
moved toward the image side; and the fourth lens group moves

so as to compensate the fluctuation in image-surface




A zoom |l ens according to the present invention is
conposed of a first |lens group having positive
refracting power, a second | ens group having negative
refracting power, a third |ens group having positive
refracting power, and a fourth |ens group having
positive refracting power arranged fromthe object
side in that order. During the variation fromthe
wi de angle end state with the shortest focal |ength
to the tel escopic end statébwirth the |ongest foca
length, the first and third |l ens groups are fixé&d5&tl 630
predeterm ned positions along the optical axis; the
poseecond deastgroup shs frmovedné onatschd henismageusi de; and
the fourth Il ens group noves so as to conpensate the
fl uBbtewatdaoriune idiagbesunf at e :308RI6304]posit iton whee to
the shift of the second |ens group. The aperture
obdiegbhPagtn ¢5 Hre diged agpacent s oo e thdpj EBe &hied ofens
the third lens group or within the third I ens group.
9*&iFthe basis of the structure described above, in the
zoom, | ans ALGQr diengsL o5 LI ALASEAL J.OKEAtL O [N, e
second ens group I's conposed of a negative neni scus
zdoBNS ekt Ac@or £QNCAVE £UN HAEE OPPOSI NG jLRE LABROS: She
and a cenented l'ens of a biconcave |lens and a
lep@spibme 1ensomiddrdacEonvaxgasind ace ieppesiags thetn a
obj ect side, which are arranged from the object side
congavhas v of der . orfive inggahevenpeni siciss dngns cesempete lofns
a conmpound lens of a glass lens and a resin | ens
off 6r RRECAT] e eitn% ¢hé PhaYEI St deebt “Wike §l a’3%veens,

su%%gcghgpposing the object side, which are arranged from
the object side in that order. The negative meniscus lens
is made of a compound lens of a glass lens and a resin lens
formed adjacent teo the image side of the glass lens, and the
lens surface adjacent to the image side of the resin lens is
to be aspheric, so that the miniaturization and the offering
high-performance can be compatible and an effect of assemble
errors during manufacturing is suppressed so as to achieve
stable optical quality.

In the PNPP four-zoom lens group, changes in off-axial
aberrations generated during the variation from the wide
angle end state to the telescopic end state have been
asgsential to be preferably corrected.

For correcting such changes, it is effective to
positively change the height of an off-axial luminous flux

in accordance with the change in lens position. In




| ens surface adjacent to the inmage side of the resin
lens is to be aspheric, so that the mniaturization
and the offering high-perfornmance can be conpatible
and an effect of assenble errors during manufacturing
IS suppressed so as to achieve stable optica
quality. In the PNPP four-zoom|ens group, changes in
of f-axial aberrations generated during the variation
fromthe wide angle end state to the tel escopic end
state have been essential f'o-be preferably corrected.
For correcting such changes, it is effective to S05P1630
positively change the height of an off-axial |umnous
pddtuxuibh, acgorance iWellh bheschangedd Jrersrposbiiwe
In - 17 SO05P1630 particular, by respectively
learsr gmgiing anepoyinome ROYabtet tensgragpstatnd image
positions adjacent to the object and i mage sides of
Slﬁﬁf@ aﬁeﬁh%r@pw‘aﬁlﬁ agpPhtRenabbive-ahaits-6¥ed iehangelsanges
an be Eée erabhy corrected. In the zoom | ens

C%&E@rBF SF P Phe Pr&SERE i nvention, by arranging the
apefhure. 4 apnagm adiacent. Lo, e ahLect, sife.. of Lhe,

thir ens group or w €ens “gr oup,
armvabhe sgcondlans %%arbémamm adj %@ngbs@cé e ge

object = side of the aperture diaphragmwhile t
ofmevabkeifeurdds lensp @moupthsnaﬁﬂﬁﬂgﬁddadhaeeeto@p,t&&é

i mage side of the aperture diaphragm so that changes
magvabokf saxead bder ratoupns sgeneradetl ddy saenor dantiee witject

the change in lens position are
side of the aperture diaphragm while the movable fourth lens

group 1s arranged adjacent to the image side of the aperture
diaphragm, so that changes in cff-axial aberrations
generated in accordance with the change in lens position are
preferably corrected.

Since there is only a second lens group in a
conventional PNPP four-zoom lens group where a lens group
has negative refracting power, so that the miniaturization
and the offering high-performance of the optical system have
been difficult to be compatible.

The miniaturization of the optical system is generalily
split into the reduction in total lens length and the
reduction in lens diameter of the first lens group, which
has a large lens diameter because it is arranged away from
the aperture diaphragm. Since a size is a volume, the
reduction in lens diameter contributes to the

miniaturization much more than the reducticon in total lens



preferably corrected. Since there is only a second

I ens group in a conventional PNPP four-zoomlens

group where a |lens group has negative refracting

power, so that the mniaturization and the offering

hi gh- performance of the optical system have been

difficult to be conpatible. The mniaturization of the

optical systemis generally split into the reduction

intotal lens length and the reduction in |ens

di aneter of the first |ensi§roup, which has a large

| ens dianeter because it is arranged away from teP1l630

aperture diaphragm Since a size is a volune, the
lem@duclibon tihedeans dicaneterhe onddudiitrs iho1Ehe diameter

m ni aturization nuch nore than the reduction in total
cangmgbutd8 tS&08R1E630ucktengt hn doelsh thrergtto abdcaugen t he

reduction in lens dianeter contributes to the
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flux passing through each lens group, so that compatibility
between the miniaturization and the offering high-
performance has been difficult.

For reducing the lens diameter ¢f the first lens group,
it is preferable that the luminous flux passing through the
first lens group in the wide angle end state pass through a
position clése to the optical axis. To this end, it is
preferable to correct the off~axial aberration in the second
lens group; however, as mentioned above, when the off-axial
luminous flux passing through the second lens group is moved
closer to the optical axis for miniaturization, the change
in coma generated corresponding tc the change in angle of
view has been difficult to be corrected preferably.

Whereas, in the zoom lens according to the present

invention, by reducing the thickness of the entire second

lens group, the diameter 1s reduced. Specifically, the




performance has been difficult. For reducing the |ens
di anmeter of the first lens group, it is preferable
that the |um nous flux passing through the first |ens
group in the wide angle end state pass through a
position close to the optical axis. To this end, it is
preferable to correct the off-axial aberration in the
second |ens group; however, as nentioned above, when
the off-axial |um nous fl ux passi ng through the
second lens group is noved 1%loser to the optical axis
for miniaturization, the change in coma generat ¥ 5P1630
corresponding to t he change in angle of view has been
sehichifd ceht teobe Tordmegicaddprel erabdyti Mheredscusnlthe
zoom | ens according to the present invention, by
mmbducmﬁ@nthé thieknless ofconkeventére sebengosliénge lens
roup, the dianmeter is reduced. Specifically, the - 19
P1€§6V9§e66ﬁ6a¢%ﬁ§¥§ﬁd@§ 8ec %%%%@é&”&@rawﬁéﬁat%%e
scus l.ens cenented,l.ens_of a biconcave | ens
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| mage Si e negative neniscus - I ens th an

cspace ueharebes Wweethn By ik bRgugash 4 ensis<CaRstirt Hii Pocn
the second | ens group of a glass material with a high

a refgrackifvect bdexindde radi irzof i cof vattiraevafe thethaageage

side lens surface of the negative neniscus | ens and
sidee leolj eerfsfdect dne qwokadueoferhec s doncaved| ens
oGan be  increased, thereby reducing the air apace
increased, thereby reducing the air apace between the
negative meniscus lens and the biconcave lens so as to
reduce the thickness of the second lens group.

In addition, the negative meniscus lens is made of a
compound lens of a meniscus glass lens and a thin resin lens
closely formed on the image side lens surface of the
meniscus glass lens, and the image side lens surface of the
resin lens is aspheric.

Recently, the molding has been the mainstream of the
aspheric glass lens surface fabrication; however, since the
shape of the raw material before molding is cleose to a
sphere, although the molding is suitable for fabricating the
biconvex lens, it is not suitable for fabricating the
negative lens. In particular, in the meniscus negative lens

like in the second lens group, both the centers of the

object side lens surface and the image side lens surface are




negative neniscus |lens and the biconcave lens so as to
reduce the thickness of the second |l ens group. In
addition, the negative neniscus lens is nade of a
compound |l ens of a neniscus glass lens and a thin
resin lens closely forned on the image side |ens
surface of the neniscus glass lens, and the inage
side lens surface of the resin lens is aspheric.
Recently, the nolding has been the mainstream of the
aspheric glass |ens surface% abrication; however,
since the shape of the raw material before nol diSfpEIE30
close to a sphere, although the nolding is suitable
pdartibabri cavsngt¢ hene binegrvexdeehsythdr ifgomothsuiitabl e
for fabricating the negative lens. In particular, in
pqqkilﬁﬁml§@u§hﬁ%g§ﬂﬁﬁéﬁﬁéﬁsStFPR§e$rﬁ%quﬁﬁﬁéééﬁddPéh%g
gr.oup, both enters of 0 i de | ens
e Bee Shat e Fid & BLEERS, ihe dod e urSogs Lisble
t:SQ§PB%%gr 98§|t|§h%Qﬁ%J%8etB% Ebgﬁ%ngﬁtﬁfd%eggrgggée,
Fens’ position, $o that al anced sStresses
s BNE 28PRhiedndpLd hg lrp%lntt@gldtﬁﬁa&hé/s@fatn%r thBereduction
nol ding, and a fracture is liable to be generated.
inTherekaees fherdidrdes eftwkbe trascehapg, thsueheas the
increase in central thickness and the reduction in
tiehipeknessrdi f et @noe shetwmeennpheseemnta dhathitoknessuanbn
the peripheral thickness, are inposed, so that the
JJYé@@étﬁéﬁmeFﬁfl%m%faﬁaﬁﬁﬁéﬁléﬁdt@%é“ﬁﬁ¥éﬁﬁﬁ@rﬂﬁéce have

gh
been nogegg %gggggtﬂ?%)taq%%g-not sufficiently obtained.

By the way, a compound lens has been known in that a
resin lens is closely formed on a glass lens. 1In the
aspheric surface fabrication technigue freguently used for a
concave lens, which i1s difficult to be mclded, a problem has
been arisen in that the mold releasing is deteriorated
during the molding of the resin lens on a concave surface
with a small radius of curvature, so that surface accuracies
are deteriorated due to a stress applied to the resin lens
surface.

Whereas, 1n the zoom lens accerding to the present
inventicon, as described above, by making each glass lens,
constituting the second lens group, from a glass material
with a high refractive index, the radius of curvature of the
image side lens surface of the negative meniscus lens can be
increased; and by forming a thin resin lens suxrface on the

glass lens surface with the increased radius of curvature,




By the way, a conpound | ens has been known in that a

resin lens is closely forned on a glass lens. In the

aspheric surface fabrication technique frequently used

for a concave lens, which is difficult to be nol ded,

a problemhas been arisen in that the nold rel easing

is deteriorated during the nolding of the resin |ens

on a concave surface wth a small radius of

curvature, so that surface accuracies are

deteriorated due to a stress applied to the resin lens

surface. Wereas, in the zoomlens according to tHeP1630

present invention, as described above, by maki ng each
t1gd assckensy deonst itdny inngdihe second tenis: ceadpisfrom

a glass material wth a high refractive index, the
inradivest eb thevarr e wiblrheurifpageasiderdiens odurhaceeoin

the negative neniscus |lens can_be increased; and b
lQQﬁwﬁfﬁgmélPE?hn?%sl?PQQ9¥¥ §tirPacRI o HE S dPaé?eFéﬁ ions

surf with the |ncreas grradlus of. c rvat
SRPT850 Ot R PRI e g el R ERECHEI G, oF Phe
Jé%%f%bﬁ?néok e&ﬂ@ﬁoved so t hat preferable surface
accuracies o e resin lens are nmumintained, thereby

enahh 5pg shanges.d neaberat honssc.genemnat ed mostly
corresponding to the mniaturization to be preferably

sqqmeetedroAl st Siceirichdinpyat v el et g ohansehs
nostly separated fromthe aperture diaphragmin the

gsegondheens-agtoup,utineueniaxkaba$ s nousufdhurvpasSegn
through away from the off-axial |um nous flux. Hence,

tjﬁhéféhéﬁ@él hu@%ﬁﬁps fiux. -‘Hence, the change in coma,

which 1is liable to be generated in the wide angle end state
corresponding to the change in angle of view can be
corrected preferably.

By the structure described above, the zoom lens
according to the present invention has achieved the
compatibility between the miniaturization and the offering
high-performance.

I the zoom lens according to the present invention,
the following conditional equation (1) is satisfied:

(1) nZ2 > 1.75,
where n2 is the average refractive index of glass lenses
constituting the second lens group with respect to d ray.

In addition, nZ is calculated by the eqguation below:

n2 = {(n2l + n22 + n23)/3
where n2l is the refractive index of a glass part of the

negative meniscus lens with respect to d ray; n2Z is the




which is liable to be generated in the wi de angle end
state corresponding to the change in angle of view
can be corrected preferably. By the structure
descri bed above, the zoomlens according to the
present invention has achieved the conpatibility
between the mniaturization and the offering
hi gh-perfornmance. |In the zoom|ens according to the
present invention, the follow ng conditional equation
(1) is satisfied: (1) n2->2% 75, where n2 is the
average refractive index of glass |enses consti tSObPAG30
the second lens group with respect to d ray. In
red@ddition, indest s cal eukatedvbyldhie eqwatrieepebel oW a N2/;
= (n2l + n22 + n23)/3, where n2l is the refractive
andndéx of ahqlmassaparitveofintibe ofhegatdsveiveniiscaswlEens
with respect to d ray; n22 is the - 22 S05P1630
CORERKaBRT V&CE MPe e Jatbircontadle 91t with respect to d
ray;. and n23 iﬁaghe refractive index of a positive
X

| enb™%i T3 1 Convex 8l tAE GBPTSi Ag £hebb} et e de.
eqﬁg%isgugé %941%rgﬁlﬁtgh@@te'fggggi@%’%edgxs genditional

equat | on de the refraciive i'ndex “of "gl ass T'enses

cct@r$tht Utd nehd he seeondnkens,gs qup M Lh Lespectyto
ray. As described above, in the zoom |l ens according to

t heas pi@senbekinueBte PNin bynd NG@askeRy hbecrefdactd vee

i ndex of
present invention, by increasing the refractive index of
glass lenses constituting the second lens group, the
thickness of the second lens group 1is reducsed. By setting
the refractive index so as to satisfy the conditional
equaticn (1), compatibility between the miniaturizaticn and
the cffering high-performance is enabled,

In order to further reduce the lens diameter, the lower
limit may be preferably 1.8.

In the zocm lens according to the present invention, in
order to further preferably correct the change in coma
generated in the wide angle end state corresponding to the
change in angle of view, it is preferable that the following
conditional eguation (2) be satisfied:

(2) 0.25 < Rs/Da < 0.45,
where Rs is the radius of curvature of the lens surface
nearest to the image side of the meniscus lens in the second
lens group and Da is the distance from the above-mentioned

lens surface in the wide angle end state to the aperture




gl ass |l enses constituting the second | ens group, the
t hi ckness of the second |l ens group is reduced. By
setting the refractive index so as to satisfy the
conditional equation (1), conpatibility between the
mniaturization and the offering high-performance is
enabled. In order to further reduce -the |lens
di aneter, the lower |limt nay be preferably 1.8. In
the zoom |l ens according to the present invention, in
order to further preferabl ¥3correct the change in coma
generated in the wide angle end state correspondidtgHlé30
the change in angle of view, it is preferable that
dilsherbghl owi ng conditional equation (2) be satisfied:
(2) 0.25 < Rs/Da < 0.45, where Rs is the radius of
curVat wargfianhd 2l ensnsushateabnearest tondheidmage
side of the neniscus lens in the second |ens group
ccaid DR Fsfimedildcancé poft t el above mEnthenedns | ens

surface in the w le en 0 the aperture -
Suf’sfacgoéﬁf‘%%% il %\w JEThHeE %q%gt‘%tf"n C(Oﬁ‘}’oﬁﬁﬁt oh2d
ar%?% 84l $,3 €9 #g %0%2n56898t¢0” defining the radius
%urva ure HeE I'ens “surface nearest to the i mage

si defof 5 tihe icormednd: hgns,e ax qdri: B Lhe-second.diens
gr oup. ?% Rg‘Da IS eicgedlagzﬁﬁggupg%r I|n$t of thé

(2equahikoBf£{2)ial Nemaffuaxiralix | pd siols thlrdxgpassé Ngecond
t hrough the second

lens group is separated from the optical axis tco much, so

that the lens diameter is difficult teo be sufficiently

reduced.

Conversely, if Rs/Da is less than the lower limit of
the equation (2}, the radius of curvature of the lens
surface adjacent to the image side is reduced, s¢ that the
releasing between the die and the resin lens 1s detericrated
and the forming face of the resin lens is liable tc bhe
deteriorated. By such problems arisen during manufacturing,
stable optical performances cannot be obtained.

In order to further reduce the lens diameter, the lower
limit may be preferably 0.3.

In the zoom lens acceording to the present invention, in
order to further reduce the lens diameter while the stable
optical gquality is secured despite the problems arisen
during manufacturing, it is preferable that the following
conditional equation (3) be satisfied:

{3y 0.7 < (Rl - R2}/(RlL + RZ) < 0.9,




| ens group is separated fromthe optical axis too
much, so that the lens dianeter is difficult to be
sufficiently reduced. Conversely, if Rs/Da is |ess
than the lower limt of the equation (2), the radius
of curvature of the lens surface adjacent to the
i mage side is reduced, so that the releasing between
the die and the resin lens is deteriorated and the
formng face of the resin lens is liable to be
deteriorated. By such probl2dns arisen during
manuf acturing, stable optical performances canndgtOiFg 630
obtained. In order to further reduce the |ens
wrdirametieis the towels df mukvAeayrdespriefenablsy sQrdacén
the zoom |l ens according to the present invention, in
negnger to fhetdleregeduce tlethensedh@amet ernikiche {hes
stable optical quality is secured despite the
a%ﬂﬁﬂﬂeén%nth%e?PCQRﬂ|hﬂ§5wﬁﬁaﬂﬁc%%ﬁlﬁﬁ)l% tthiegradius of
erable that the follown condltlonal, uat i on
Ct.gféf)atblgesg Igl?? eJoens( @uréafe a%wcen e inm 53 él(é)e 9of
g%ﬁ€%4ﬁe§géglg$§gtf!5¥i gREhe n% gt{ dhﬁg%f§é§%u5¥§%ure of
ens ‘surface near eo Ject sidé o

aMeQRkLYenMenl sels, lLenNensapLanged in the second |ens
group and R2 is the radius of curvature of the lens

sur fases gy @icent( st omtheibnageiside ief a ghasst| enses

constituting the negative neniscus lens arranged in
adqulad isecdrfiitons ghqnﬁmape of the glass part of the
compound lens arranged in the second lens group.

If (R1 - R2)/(R1 + R2Z) is exceeding the upper limit of
the equation (3), the thickness difference between the
central thickness and the peripheral thickness of the glass
lens part i1s increased, so that the change in shape due to
the heating during the molding is largely different between
the central part and the peripheral part. Hence, the resin
lens is formed on the concave surface of the glass lens
being different in shape from that during room temperature,
s0 that the shape of the lens surface of the resin lens is
changed when returning the room temperature, thereby
obtaining no predetermined optical performance.

If (R1 - R2)/(R1l + R2}) is less than the lowar limit of
the equation (3}, since the principal point ¢f the second
lens group is moved Ltoward the image side, the off-axial

luminous flux passing through the second lens group is

separated from the optical axis, so that the lens diameter




The equation (3) nentioned above is a conditiona
equation defining the shape of the glass part of the
compound | ens arranged in the second |l ens group. If
(R - RR)/(R + R2) is exceeding the upper limt of
the equation (3), the thickness difference between the
central thickness and the peripheral thickness of the
glass lens part is increased, so that the change in
shape due to the heating durlng the nolding is
| argely different between 2Phé central part and the
peri pheral part. Hence, the resin lens is fornedlefl630
the concave surface of the glass |lens being different
isi poshapeéutednthaitciduting room tenperature, so that
the shape of the lens surface of the resin lens is
chahgedharrt dEBEnEAGOTRENY dombenpaeaenE el ntderiayy in
obtalnlng no predeterm ned ogt|cal per f or mance. If (RI

oL e@zf.p(ﬁprq RO)PH 683 V't figh ?‘F]% Foner PR £ 0P L Tet el

quation (3. lace.lhe pringipal. noiuit. ot .Lhe secon.
ens grou rmve OV\ﬁra ?ﬂe |rra e side

po%f fi8xiak ¢ lyw@&afbhgxtﬁégsm@ f&rm% hengecondt
I'ens ‘group is separated fromthe optlcal axis, so

aduBat ohhesl eps £Hwangetier:S05P1630 is not reduced
sufficiently. In the zoom | ens according to the
present0ihventfizan,(fwnftpt der< tlo 4,urther preferably
correct the change in off-axial aberration generated

Wheﬁeaééoﬁaaﬁ]@% Wia theeoEhangethn Iemmd gesist bepuri tf*«i' gis

eferable t hat the fO||OMAn9 condi ti onal hquat 1
tﬁfﬂfoﬁé sé??%??éﬁf the entire Iens system 1n t wide ang e

end state; and ft is the focal length of the entire lens
system in the telescopic end state.

The equation (4) mentioned above 1s a conditional
equation defining the refracting power of the second lens
group.

If |£21/{fw-f£)1/2 1s exceeding the upper limit of the
egquation (4}, the displacement of the second lens group
required for obtaining a predetermined variable power ratio
is increased, so that the entire lens length is undesirably
increased.

Conversely, |£21/(fw-£ft)1/2 is less than the lower
limit of the equation (4}, so that even if an aspheric
surface is included in the negative meniscus lens, the off-
axial aberration generated in accordance with the change in
lens position is difficult to be suppressed.

In the zoom lens according to the present invention,




(4) 0.3 < If2l/(fwft)l/2 < 0.4, where f2 is the foca

| ength of the second lens group; fwis the foca

length of the entire lens systemin the w de angle

end state; and ft is the focal length of the entire

lens systemin the telescopic end state. The equation

(4) nentioned above is a conditional equation

defining the refracting power of the second |ens

group. If 1f21/(fwft)l/2 is exceeding the upper limt

of the equation (4), the di°pl acenent of the second

l ens group required for obtaining a predeterni ned>FL1630
vari able power ratio is increased, so that the entire
udiens sheagbhet sc undesiimabhy ofntemﬁsﬁﬂnuﬁbnmeesetyan the

If21/(fwft)l/2 is less than the lower Iimt of the
scgguat ikens (4youBo & Hetghevenarifcah mlpﬁ@ma@cesg@ﬂa@@ is

included in the ne t|ve menj scus | ens, the off- axia
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ot her than the second |Iens group, a higher optical

arP&Ish-AERRACE£aN De-haaGhiuevadlchd Padid,cuhnar chhygsakhng
the lens surface nearest to the object side of the

cdnli rdel enstige oupy aspiferiiey thetheemIralcqpert endantete
can be much nore inproved. Al so, using

can be corrected further preferably.

Further preferably, it 1s obvious that using a
plurality of aspheric surfaces in addition to the aspheric
surface used in the second lens group, a higher optical
performance be achieved.

In the zoom lens according to the present invention, by
shifting one lens group or part of one lens group in lens
groups constituting a lens system in a direction
approximately perpendicular to the optical axis, images can
be also shifted. By combining a detection system for
detecting a camera blur, a drive system for shifting the
lens group, and a contreol system for applying a shift to the
drive system corresponding to the cutput from the detection
system, a vibration-proof optical system can be functicned.

In particular, according to the present invention, by
shifting part of the third lens group or the entire thereof

in a direction approximately perpendicular to the optical

axis, images can be shifted with a small change in




an aspheric lens in the fourth |lens group, the change

in coma due to the angle of viewin the tel escopic

end state can be corrected further preferably.

Further preferably, it is obvious that using a

plurality of aspheric surfaces in addition to the

aspheric surface used in the second | ens group, a

hi gher optical perfornmance be achieved. In the zoom

| ens according to the present invention, by shifting

one |lens group or part of ére~lens group in |lens

groups constituting a lens systemin a directionsS23P1630

approxi mat el y perpendi cular to the optical axis,
adem@gesosan Tibe mdas@nshisf tedt Bye comige ng aodet @etdted

system for detecting a canera blur, a drive system
dufrgngshiefed nghtHeed liensmgi dupscamek diconbriol s8¢ epwrdun
~applying a shift to the drive system corresponding to
15 RETEDEPUt L1 r'oth tHE 1@t Ecef ohRe sRadmregdiaphragm, "so

vi_ bration:-proof. apti.cal system can be functioned..in,
Ckr T EUP AF  “BCEoraIG S hE: preeeit TRVAALT Be Byt ity
CﬁsQ%gtg?gigggta%ESﬁhe_third | ens group or the entire

t hereo In a direction approxi mately perpendicular to

t heropti€aloomdXieps bPBEES: €aN Pe rshiht.ednw 18 sinal,|

change in 27 SO5P1630 aberration. The reason is that
durhegchange- tan@gonmogenasat ed i€utd ng dagiengoshof s echd s

smal | because the third lens group is arranged in the
lepiscionpry of tdres apyerpdr ecdbaphiagry sdenshaystée, or

of f-axial |um nous flux passes through the vicinity

part of one lens group.

It is preferable especially when the fourth lens group
is moved because the short-rangs focusing can be performed
using a small workload {= weight x displacement) as its lens
diameter is small.

Also, in order to prevent Moire fringe, a low-pass
filter may be arranged adiacent to the image side of the
lens system, and an infra-red cutting filter may obviously
be arranged in accordance with spectral sensitivity
characteristics of a light-receiving element.

Embodiments of the zoom lens according to the present
invention and numerical embodiments having numeric numbers
incorporating the embodiments will be described below.

In each numerical embodiment, an aspheric sphere is
expressed by following Numerical Formula 1.

[Numerical Formula 1]




of the optical axis. In the zoomlens according to the
present invention, during short-range focusing, it is
desirable to nove one |ens group of |ens groups
constituting a lens system or part of one |lens
group. It is preferable especially when the fourth
| ens group is noved because the short-range focusing
can be performed using a snall workload (= weight x
di spl acenent) as its lens dianeter is snmall. Al so, in
order to prevent Mire fridde” a |owpass filter may
be arranged adjacent to the inage side of the |é&ff9FL1630
system and an infra-red cutting filter may obviously
wHaeealyr angeide i e agdoridamc ehwi bht speECtadls ;sensbt tvétyag; c
characteristics of a light-receiving el enment.
isErbodicrentsubd; the sz ddm Censcasedtditig Bect Ké présehtare
i nvention and nunerical enbodi ments havi ng nuneric
25PBeFs faFheT porati ng the enbodi nents will be
desgg%bep SeIovv ln_e gh nunericq?lﬁggodinen , . a

ows_ refraclin oW a ions ea
asp i cC” sphere’i’s expr%s%edaby ol'Tow ng Nunerica

eng)%rdmgﬁglﬁflﬁwaoq@he%@ oukgrding 28 +e03R1630: Where

y ist eight fromthe optical axis; x is the sag; c
id@nthenCuiNalr & K fis sttheegoni gogonst antvinandoed: ang

c6 are aspheric factors. Fig. 1 shows refracting

rgfowerialbl peadt ons davcea@chens group G2 having negative
refracting power, a& third lens group G3 having positive
refracting power, and a fourth lens group G4 having positive
refracting power arranged from the cobject side in that order.
During the wvariation from the wide angle end state (state
shown by line W of Fig. 1) to the telescopic end state
(state shown by line T of Fig. 1), the air space between the
first lens group Gl and the second lens group G2 is
increased while the air space between the third lens group
53 and the feourth lens group G4, sc that the second lens
group G2 is moved toward the image side. At this time, the
first and third lens grcoups are fixed and the fourth lens
group G4 moves so as to compensate the fluctuation in image-
surface position due to the shift of the second lens group.

In each embodiment, a protection glass is arranged
nearest to the image side.

Fig. 2 shows a lens configuration according to a first

embodiment 1 of the zoom lens according to the present

invention, in which the first lens group Gl is composed ©of a




enbodi nent of the zoom | ens according to the present

invention, in which a first lens group @ having

positive refracting power, a second |lens group &

havi ng negative refracting power, a third |l ens group

G3 having positive refracting power, and a fourth

| ens group 4 having positive refracting power

arranged fromthe object side in that order. During

the variation fromthe w de angle end state (state

shown by line Wof Fig. I) 40 the tel escopic end state

(state shown by line T of Fig. 1), the air space S0>F1630

between the first lens group G and the second | ens
cagreotpd@ens Lihtreasedanhiskbest hegati rvespace petheencoireex

third lens group G3 and the fourth [ens group 4, so
suyacet ﬁép@éé@%dth%r@w@to@ad@zan% HovRsd ol gnEhEith &

e side. At this tine, t and third | ens

cw&%gum%%@w (e pbuseh FeT s Gup°Gh BT ek

LIt w1t%o cop ?Uéa he f%g%g?ﬁé g@%gn q§9§1d§Uf£§ge

position due 9°ens *group. In

s&ach qrbodiyrent o2 JPJ%%HS@H gkaésmérﬁswsaa%gtwe lens
nearest to the i mage side. Fig. 2 shows a |l ens

reonfdigur at tencaee andi Ma et @pgobifigt thenhodierentieland 2
the zoom | ens according to the present invention, in

casvircledt Renti 1512 |ehs: gricwpciei seconposedref aad- a29
SO05P1630 cenented lens LIIl of a neniscus negative

P sdrid R ﬂﬁné Ebﬁ@e&‘“§Uﬁﬂa@éréﬁﬁﬁs@EﬁP%%ﬂ9 6@Fe€P3§FHe
and a posjtive lens with convex su cg;e %pp05|n
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positive lens L131 and a cemented lens L13Z of a biconvex
lens and a biconcave lens; and the fourth lens group G4 is
composed of a positive lens L141 with a convex surface
opposing the object side. The meniscus negative lens L121
of the second lens group G2 is a compound lens having a
resin lens PL1 integrally formed on the image-side surface.

In the first empbodiment 1, an aperture diaphragm S is
arrangsd between the seccond lens group GZ and the third lens
group G3, and the aperture diaphragm 3 is fixed during the
changing of lens positions. A protection glass GL is
arranged between the fourth lens group G4 and an image plane
IMG.

Table 1 below shows data of a numerical embodiment 1
having numeric numbers incorporating the first embodiment 1.
In data tables including Tablie 1, character f denotes a

focal length; character FNO denotes an F number; character




L112 with a convex surface opposing the object side;
the second lens group & is conposed of a neniscus
negative lens L121 with a concave surface opposing
the image side and a cenented lens L122 of a
bi concave negative lens and a positive lens with a
convex surface opposing the object side; the third
| ens group G3 is conposed of a biconvex positive |lens
L131 and a cenmented lens L132 of a biconvex |[|ens and
a biconcave lens; and the f£0uith Iens group 4 is
conposed of a positive lens L141 with a convex sutPEcé3o
opposi ng the object side. The neni scus negative |ens
20 f2hotefk theasgbond |versygrodpti®@ jsfradaddipoundekens the
having a resin lens PL1 integrally formed on the
valyggelsdeesritlade 9 Fevhér iTrat’ e%aai-neﬁfl qjatgnptables
. aperture_di ragmsS i rranged between the second
S TRG L BRoRRP D L Are Thi P TERET™ giiots2a8 -8R t he
dq %R%EEHES gﬁ@ﬁgﬁﬁgﬂ1s is fixed during the changing of
Tens positions. A protection glass G. is arranged
(TRet\ween the fourth lens group G4 and an inage plane
| MG Table 1 bel ow shows data of a nunerica
enbodi nent 1 having nuneric nunbers incorporating the
first enbodinent 1. |In data tables including Table 1,
chanatbernfngdnotiesrgodfivear Lenbtts whrdracserfFRO face,
zggnotes an F nunber; character - 30 SO5PI 630 2co _
1dentes af angicé ofPdi &, ARESt hE® refNEdtirvarf ngeR§5 ¢
:&%ggﬁgggkgesggéﬁ Lﬁﬁﬂﬁﬁ% 59 d ray 587.6 nn). In data

[Table 2]

In the first embodiment 1, during the changing of lens
positions, an axial interplanar space D5 between the first
lens group Gl and the second lens group G2, an axial
interplanar space Dil between the second lens group G2 and
the aperture diaphragm 3, an axial interplanar space Gl7
between the third lens group G3 and the fourth lens group G4,
and an axial interplanar space D19 between the fourth lens
group G4 and the protection glass GL are variable. Each
variable axial interplanar space in the numerical embodiment
1 is shown in Table 3 with the focal length f.

[Table 3]

Table 4 belcow shows corresponding values to the

conditional equations (1) to (4) in the numerical embodiment




including Table 1, zero of the radius of curvature
designates the plane. [Table 1] In the nunerica
enbodi nent 1, lens surfaces of 8th face, 13th face,
18th face, and 19th face are aspheric and aspheric
factors are shown in Table 2. [Table 2] In the first
enbodi nent 1, during the changing of |ens positions,
an axi al interplanar space D5 between the first |ens
group G and the second | ens group &, an axia
I nterpl anar space Dl | betweén "t he second | ens group G2
and the aperture diaphragmsS, an axi al interplaﬁﬁ&P163O
space Gl7 between the third I ens group G3 and the
l.fourth lens group &4, and an axial interplanar space
D19 between the fourth lens group 4 and the
[Ts6€eéfi on glass GL are variable. Each variable axial
i nterplanar space in the nunerical enbodinment 1 is
shown in Table 3 with the focal length f. [Table 3]
Tabkged DELANSUMS GOLLESPONN NG, YA\ 4ES 110 LIR seance
condi {1 onal equat i ons to (4) 1n the nunerica
£ RRedynenLt31in SORP163Q rikdabbendd ik gs 1 ;34 9. 53Shows
aberrations in an infinite-distance focusing state in
atcheanupiEi cal ciesrbodienanty12; efilgst Bceshdvs 1aberr at Fons 4
in the wide angle end state (f = 1.000); Fig. 4

shows aberrations in an intermediate focal length state (f =
2.942); and Fig. 5 shows aberrations in the telescopic end
state {(f = 9.188).

In astigmatism drawings, the sclid line shows a
sagittal image surface and the broken line shows a
meridicnal image surface. In coma drawings, comas in image-—
heights yv = 0, 0.254, 0.355, and 0.507 are shown, and
character A denotes the angle of view.

From the aberration drawings, the numerical embodiment
1 apparently shows the aberrations are preferably corrected
sc as to have excellent focusing performances.

Fig. 6 shows a lens configuration according to a second
embodiment 2 of the zoom lens according to the present
invention, in which the first lens group Gl is composed of a
cemented lens L211 of a meniscus negative lens with a convex
surface opposing the object side and a positive lens with a
convex surface opposing the object side and a positive lens
L212 with a convex surface opposing the object side; the

second lens group GZ is composed of a meniscus negative lens




shows aberrations in an internediate focal |ength
state (f - 2.942); and Fig. 5 shows aberrations in the
tel escopic end state (f = 9.188). In astigmatism
drawi ngs, the solid Iine shows a sagittal inage
surface and the broken |ine shows a neridional inmage
surface. In conma drawi ngs, conas in inmage heights y =
0, 0.254, 0.355, and 0.3U are shown, and character A
denotes the angle of view. FEromthe aberration
drawi ngs, the nuneri cal enﬁgdlnent 1 apparently Q;W§
the aberrations are preferably corrected so as 2P e30
have excel |l ent focusing performances. Fig. 6 shows a
LA%ngriconki goradvorswadeoedPngos bnd Serdnthdcenihddi pedta 2
of the zoom | ens according to the resent |nvent|on
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j'ect si and a positive lens 212 with a convex

p&é&rtfl%e 1@99%2@9 #ie, objceelesi derfddhe opReoRG kBASobject
group & is conposed of a meniscus negative lens - 32

5S35 PE6BAcoh22de widdrta veoneavelL.8bE f acel gppasiongekhe
i mage side and a cenented | ens L222 of a bi concave
parddatievéehensZ ahd and posi tovethehsn i giPuR &6nidéexcomposed
surface opposing the object side; the third | ens
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Objéé% Slgonve%hSurgggg%d%pp%%%ggvghfeObjfggl of the second

lens group G2 is a compound lens having a resin lens PL2Z
integrally formed on the image-side surface.

In the second embodiment 2, the aperture diaphragm § is
arranged between the positive lens L231 and the negative
lens L232 in the third lens group G3, and the aperture
diaphragm S is fixed during the changing of lens positions.
The protection glass GL 1s arranged between the fourth lens
group G4 and the image plane IMG.

Table 5 below shows data of a numerical embodiment 2
having numeric numbers incorporating the second embodiment 2.

[Table 5]

In the numerical embodiment Z, lens surfaces of g% face,
12 face, 19" face, and 20" face are aspheric and aspheric
factors are shown in Table 6.

[Table 6]




side, a biconcave negative |l ens L232, and a bi convex
positive lens L233; and the fourth lens group 4 is
conposed of a positive lens L241 with a convex
surface opposing the object side. The neni scus
negative |l ens L221 of the second lens group & is a
conpound I ens having a resin lens PL2 integrally
formed on the inmage-side surface. In the second
enbodi nent 2, the aperture_diaphragm S is arranged
bet ween the positive |l ens E331 and the negative |ens
L232 in the third lens group G3, and the aperture&?2F1630
di aphragm S i s fixed during the changing of |ens
positions. The protection glass G. is arranged
between the fourth Iens group &4 and the inmage pl ane

| MED TEB &5 Bl 6RPSAGMR" dat-a G i&onGher Fearging of lens
enbodi nent. 2 havi ng _nuneric nunbers . ncorporating.th
PoSEEORR® entidi Hom. 27 TABIE 5]°19F (He "RAHEF! cafe £21°
Len r e gﬁn e, 2. h.face,
le%g?%ng§e§1§ﬁglgg%h%gggggaiggés e i?ﬁénéh%s% E%?c
inft%c&%a%ﬁa@rﬁpaﬂgom_ﬂ Mefabke 6ne[dablR Gkns 33,uS05PIL30
In the second enbodi nent 2, during the changi ng of
tHeeRB1irpOSet s oNSyut ke, axhabxzial enplandranapaepadd G186
between the first |ens group G and the second | ens
begreap @¢ therdxidls ignoerplcanandspheef Ohitibetansenrohe G4,

second lens group & and the third lens group G3,. an
aqu@élaﬁﬁﬁbrkﬁ%ﬁﬁﬁiQ§ﬁ§C§péﬁg D20 between the fourth lens

group G4 and the protection glass GL are variable. Each
variable axial interplanar space in the numerical embodiment
2 is shown in Tabkle 7 with the focal length £.

[Takle 7]

Table 8 below shows corresponding values to the
conditional equations (1) to {4) in the numerical embodiment
2.

[Table 8]

Figs. 7 to 9 show aberrations in an infinite-distance
focusing state in the numerical embodiment 2; Fig. 7 shows
aberrations in the wide angle end state {f = 1.000); ¥Fig. 8§
shows aberraticns in an intermediate focal length state (f =
4.077); and Fig. 9 shows aberrations in the telescopic end
state (£ = 9.0606).

In astigmatism drawings, the solid line shows a




between the third |l ens group G3 and the fourth |ens
group &4, and an axial interplanar space D20 between
the fourth lens group &4 and the protection glass G
are variable. Each variable axial interplanar space
in the nunerical enbodinent 2 is shown in Table 7
wth the focal length f. [Table 7] Table 8 bel ow shows
correspondi ng values to the conditional equations (1)
to (4) in the nunerical enbodinment 2. [Table 81 Figs.
7 to 9 show aberrations in &h infinite-distance
focusing state in the nunerical enbodi nent 2; FigﬁO%P163O
shows aberrations in the wide angle end state (f =

sd9000),; iFege 8urbhowsarabdheabirohsni himn dhitver pedi at e
focal length state (f 4.077); and Fig. 9 shows

Y CAEoATEER FRef 1 escdpicETentratfie (Fomasg ipeb age-

In . astignatis Wi the salid_line shows a - 34
h 630" @agﬁlgég'igggghsﬁpﬁa égg%da¥%éﬁﬁ¥gkeﬁnﬁine
Ld] [, ur f-a in coma draw ngs,
C%%%%e?nﬁf%gé?gﬁe‘f% e %8950, 0. 376, and 0. 538

ar e Fshawih e afk r GharActehwingdenoties the rakghecabodi Mt
From the aberration draw ngs, the nunerical enbodi nent

2 Za@pparentl yhshowshd hevaabenriahsonse ape: prefierabby rected
corrected so as to have excellent focusing
S@eﬁidﬁn@@@@sexcellent focusing performances.

Fig. 10 shows a lens configuration according to a third
emppodiment 3 of the zcom lens according to the present
invention, in which the first lens group Gi1 is composed of a
cemented lens L311 of a meniscus negative lens with a convex
surface opposing the object side and a positive lens with a
convex surface opposing the object side and a positive lens
L312 with a convex surface cpposing the object side; the
second lens group GZ is composed of a meniscus negative lens
L321 with a concave surface opposing the image side and a
cemented lens L322 of a biconcave negative lens and a
positive lens with a convex surface opposing the cbhiect
side; the third lens group G3 is composed of a cemented lens
1331 of a positive lens with a convex surface opposing the
object side and a negative lens with a convex surface
opposing the image side and a positive lens L332 with a
convex surface opposing the object side; and the fourth lens

group G4 is composed of a positive lens L341 with a convex

surface opposing the object side. The meniscus negative




Fig. 10 shows a lens configuration according to a

third enbodinment 3 of the zoom | ens according to the

present invention, in which the first lens group d

is conposed of a cenented |lens L311 of a neniscus

negative lens with a convex surface opposing the

object side and a positive lens with a convex surface

opposi ng the object side and a positive |lens L312

with a convex surface opposing the object side; the

second lens group & is Gbﬁﬁo§ed of a nmeni scus

negative lens L321 with a concave surface oppositgFle30

the i mage side and a cenented |lens L322 of a
lepisc 6A€avet negatia@rldedsnandraup pasiis we cloepsuniit heas

convex surface opposing the object side; the third
havéng §r 68pLG3- 95 ConpdsEaysnl by cematited A8 11333 pifde

a positive lens with a convex surface opposing the
SWHPEEr side and a negative lens with a convex surface

opposi t j L n 0S|t e Wi

e e B OB et Tar =i rhe 1
arfr%%ggteﬂ_ bePSee 9ralP s oha CORAPOgEL:Pfcoa spesihkVenl 0Siens

L341 with a convex surface opposing the object side.
grthe oeni secdistnegatdrvere 3%apSO5Pl 630 s Ifenrsclddtied dhe

second lens group & is a conpound |ens having a resin
chleens nBLEL | eyraldiy ibosredloa phetdatage- siides Suriace.

In the third enbodi ment 3, the aperture diaphragmsS is
a%ﬁﬁpéﬁéeﬁeﬁﬁ?%%éﬁﬁ%ﬁ@u§ééo%6nFeﬁ§“§?6ﬁpa@ﬁ 5%8 theg=

third lens group G3, and the aperture diaphragmSis
pH%@?egMauring t he

Table 2 below shows data of a numerical embodiment 3

having numeric numbers incorpeorating the third embodiment 3.

{Table 9]

In the numerical embodiment 3, lens surfaces of 38" face,
13" face, 18" face, and 19" face are aspheric and aspheric
factors are shown in Table 10.

[Table 10]

Tn the third embodiment 3, during the changing of lens
positions, the axial interplanar space D5 between the first
lens group Gl and the second lens group G2, the axial
interplanar space D11 between the second lens group G2 and
the aperture diaphragm S, the axial interplanar space G17
between the third lens group G3 and the fourth lens group G4,

and an axial interplanar space D19 betweesn the fourth lens




changi ng of lens positions. The protection glass G.L is

arranged between the fourth | ens group &4 and the

i mge plane I|Ma Table 9 bel ow shows data of a

nuneri cal enbodi nent 3 having nuneric nunbers

incorporating the third enbodinment 3. [Table 91 In

the nunerical enbodinent 3, |ens surfaces of 81h face,

| 3th face, 18t" face, and 19th face are aspheric and

aspheric factors are shown in Table 10. [Table 101 In

the third enbodi nent 3, duﬁﬁng the changing of |ens

positions, the axial interplanar space D5 bet weer? 43id ©30

first lens group G and the second | ens group &, the
graxipalc4 Bntetlpt anartespace DLbsbetvewre thglgedond Eens

group & and the aperture diaphragmsS, the axia
V%rﬁﬁéﬁﬁléﬁé?lskﬁﬁﬁ?ﬂé?ﬁarbéPﬁé%nl?rﬁ@%tﬂqmﬁrPéﬁé groepl st

3 A sbafan o R, 9 PP o R A Bns -

[T§%§Plg?9 group 4 and the protection glass G are

vari a Each variable axial interplanar space in the
nunerical enbodinent 3 is shown in Table 11 with the
focal length I. (Table 11] Table 12 bel ow shows
correlspondt ng:val yeswkoct heesondirnty enaleequatitons (1)
to (4) in the nunerical enbodi nent 3.

conditional equations (1) to (4) in the numerical embodiment

3.

[Table 12]

Figs. 11 to 13 show aberrations in an infinite-distance
focusing state in the numerical embodiment 3; Fig. 11 shows
aberrations in the wide angle end state {(f = 1.000); Fig. 12
shows aberrations in an intermediate focal length state (£ =
4,077y; and Fig. 13 shows aberrations in the telescopic end
state (£ = 9.0606).

In astigmatism drawings, the sclid line shows a
sagittal image surface and the broken line shows a
meridional image surface. In ccoma drawings, comas in image-
heights v = 0, 0.268, 0.376, and 0.538 are shown, and
character A denotes the angle of view,.

From the aberration drawings, the numerical embodiment
3 apparently shows the aberrations are preferably corrected
s as to have excellent focusing performances.

Fig. 14 shows an embodiment of an image-pickup




[ Tabl e 12] Figs. 11 to 13 show aberrations in an
infinite-distance focusing state in the nunerica
enbodi ment 3; Fig. 11 shows aberrations in the w de
angle end state (f = 1.000); Fig. 12 shows
aberrations in an internediate focal length state ~f
4.077); and Fig. 13 shows aberrations in the
tel escopic end state (I = 9.066). In astignmatism
drawi ngs, the solid Iine shows a sagittal inage
surface and the broken |iné’shows a neri dional ina%e
surface. In coma drawi ngs, comas in inage height§0§ 1630
0, 0.268, 0.376, and 0.538 are shown, and character A
apgenetes &bhecwatigie tof theepre feom itrtheerdbenrat i on
drawi ngs, the nunerical enbodinent 3 apgarently shows
t hePaberardaitgrk uar erpr et Btably s66rreéredto st as to

g excellent ocysing, per ormices Fg. 4, shpro an
: t i t . r .
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prophedihpenty, whenprzeughhycglassid 86 a0d asnghaWlcddls
Fig. 14, includes a canera part 20, a canera DSP

nef@di-gi t ab, si gnadiurpriocessacy B farBSORAM Gsyachs ONowST/F
dynam ¢ random access nenory) 40, a nediuminterface

be(leel ebf eda toorasrd medicup? |t / & dehow)i B0 unatcont rob LCD
unit 60, an operation unit 70, an LCD Sllquid crystal

(ldicgpragyy Bea L shidbPdi Yex £ 8r nald i $it érftgg@al interface

{referred to as an external I/F below) 90, as well as a
recording medium 100 arranged detachably.

The recording medium 100 may use a so-called memory
card using a semiconductor memory, an optical recording
medium, such as a recordable DVD (digital versatile disk)
and a recordable CD {compact discriminated), and a magnetic
discriminated. According to the embodiment, the memory card
is described to be used as the reccording medium 100.

The camera part 20 includes an optical block 21, a CCD
(charge coupled device) 22, a preprocessor circuit 23, a
driver for the optical block 24, a driver for the CCD 25,
and a timing generation circuit 26. The optical block 21
includes lenses, a focusing mechanism, a shutiter mechanism,
and a diaphragm {(iris). The lenses in the optical block 21
use the zoom lenses 1, 2, and 3 according to the present
invention. When forming color image information by

overlapping the respective divided color images of R, G, and




(referred to as an external I/F below) 90, as well as
a recording nedium 100 arranged detachably. The
recordi ng medi um 100 may use a so-called nmenory card
usi ng a sem conductor nenory, an optical recording
medi um such as a recordable DVD (digital versatile
di sk) and a recordable CD (conpact discrim nated),
and a magnetic discrimnated. According to the
enbodi nent, the nenory card is described to be used
as the recordlng medi um T0G8 The canera part 20
i ncl udes an optical block 21, a CCD (charge coupl®&d1630
device) 22, a preprocessor circuit 23, a driver for
B tihe ropticed) bl oclo24erardtiver of osmtdrel CCDs252 fandeaéch
timng generation circuit 26. The optical block 21
of weilgdesRt ehsed)d & f olusingrreehanisibia tskurréer
nmechani sm and a di aphragm (iris). The |lenses in the
SBPERCAP bP BER AL © dé’éeFﬁé Z60h? | Bfiseren ths lgRg grour
according the pres nvent.i on
neESITSr Fﬁatég n?agﬁa.l ﬁ?& téVerpaﬁplﬁga?%e resggb CR
a _C_UOW @%gscg_gfeﬁ 'ﬁ%e%aq; bB :Lgsefl{]gd 1r?’8mun§gép11:@§g ¥J_B?I’1t

i ntroduced, a color separation prism and

a@ﬂ@l&eneft@otm SolReds sand)Borwhieh @re i viidadeRy theche
color separation prisn1are inserted into between the

ofjens grdupof near estlcro seherktrage siiden.and the i nage
plane. In this case, a lowpass filter LPF nmay be
i nsBhe eeP i 4 Imveditab sl ysf @ gntcr{adjeeent bovime oBjRct
si de) _of each CCD or, adjacent to the object side of

qqﬂgré&lBFog%ﬁﬁﬂQﬁlqﬂ+tﬁr|§n]an RAM (random access memory)

62, a clock circuit 64 connected together through a system
bus 6% sc as to control each unit of the image~-pickup
apparatus 10 according to the embodiment.

The RAM 62 is mainly used in an ocoperation region for
temporarily storing a partway result of the processing. The
flush ROM 63 is for storing various programs executed in the
CPU 61 and data reguired for processing. The clock circuit
64 can provide the present date, day of week, and time as
well as a picturing day time.

During picking up images, the driver for the optical
block 24 produces a drive signal for operating the optical
block 21 corresponding to the control of the control unit 60
so as to feed it to the optical block 21 for operating the
optical block 21. In the optical klock 21, the focusing
mechanism, the shutter mechanism, and tLhe diaphragm are

controlled by the drive signal from the driver for the




The control unit 60 is a mcro-conputer having a CPU

(central processing unit) 61, an RAM (random access

menory) 62, a clock circuit 64 connected together

t hrough a system bus 65 so as to control each unit of

t he i mage- pi ckup apparatus 10 according to the

enbodi nent. The RAM 62 is mainly used in an operation

region for tenporarily storing a partway result of

the processing. The flush ROM 63 is for storing

various programs executed i the CPU 61 and data

requi red for processing. The clock circuit 64 cd&¥sP1i630

provi de the present date, day of week, and tine as
opwelcdlalaslacpi 4 ura g day briing. oDgdnginpigeki RgedPinto and

i mages, the driver for the optical block 24 produces
suprdri Feesi gnathd siClopgeérating the optical block 21

correspondggg.to the control of the_control unit 60
so a8°to°f eed %t f06 PRetoptiedirineddr S2nToF tbperdtd ng

. t he tical black 21. .In.t opti cal | ock .21, the
infeiEe BRELCBhe MASKAl 1 LR, O 0812 Te ReOSS Bt (R

j a l.ed.b I\ i.gpna r
o FBRERT SRy BRI SN mellelfren e

£cr0 thiel 0gDOobj e€d d3ages rtiRgr ebntor andhgesUPRLY, theMB©ical

the CCD 22. The CCD 22 is for photo-electrically
blocohveit thgréhecod neges ltroavthiey optn cale bhetk 21 s0 as

to be output, and operates in accordance with a drive
tigilgaapigrem timn dhievérinifior yeher QCDRSigeuas €0 bring

obj ect images fromthe optical ,
contreolled by the control unit 60, the CCD 22 supplies the
taken—-in object images (image information) to the
preprocessoer circullt 23 as electric signals.

As described above, the timing generation circult 26
produces a timing signal for supplyving a predetermined
timing corresponding to the control from the control unit 60.
The driver for the CCD 25 produces a drive signal for
supplying it to the CCD 22 on the basis to the timing signal
from the timing generation circuit 26.

The preprocessor circuit 23 is for preferably
maintaining an S/N ratio by performing CDS (correlated
double sampling) on the electric image information supplied
thereto; for controlling a gain by performing AGC {(automatic
gain control); and for producing digital image data by
performing A/D {(analog/digital) conversion.

The digital image data from the preprocessor circuitbt 23

are supplied to the camera DSP 30. The camera DSP 30




bl ock 21 thereinto. Sinultaneously, on the basis of a
timng signal fromthe timng generation circuit 26
controlled by the control unit 60, the CCD 22 supplies
the taken-in object imges (inage information) to the
preprocessor circuit 23 as electric signals. As
descri bed above, the timng generation circuit 26
produces a timng signal for supplying a predeterm ned
timng corresponding to the control fromthe contro
unit 60. The driver for tH& CCD 25 produces a drive
signal for supplying it to the CCD 22 on the basi’§Pt§30
the timng signal fromthe timng generation circuit
pe2iorfihecpneps ocessdr oicceist ng3onsthorsyrefierdabimage data,
mai ntaining an S/N ratio by perform ng CDS (correl ated
sw@u@EeAEah@mwgf)OC@théEel eety | eXHamge ! irnﬁﬁﬂnﬁ‘ﬂ}ﬁ ofputo
lied thereto; for caontrolling

Whﬁ&ef B8R RGE A(I:Tthfutlmfel eat@arpﬁd%el‘%ll)n S‘dﬁa yorious
wa%QOQUCI$%m %%5%3 Cghvgergatge lné) Q&%%E%leon susten

analrog ersion

fr %%b'ﬂ?e@r@&r&%e%%%r%ﬁguhéd%?m e n%%l@leﬁegntéhé he
canera DSP 30. The canera DSP 30 - 40 S05P1630

irPeEHOh ABus 2B & hugnaly pEecessiadOnHchensupphéed via
i mge data, such as AF (auto focus), AE (auto
thexposuee)buantd ANB (taet ocdwhint B/ balancehe Thegs ndger,
data nodul ated in such various ways are conpressed by
wig lppedeeaem o lodmpr essPoresysiemiandhsupprPeding t he

recording nedlun1100 mount ed on the
medium 1007as a file

The image data recorded on the recording medium 100 are
read out from the recording medium 100 wvia the medium I/F 50
so as to supply objective image data to the camera DSP 30 in
accordance with a user operation input received through the
operation unit 70 including & touch panel and control keys.

The camera DSP 30 performs decompression (extension) on
the compressed image data read out of the recording medium
100 and supplied via the medium I/F 50 sc as to supply the
decompressed image data to an LCD controller 81 via the
system bus 65. The LCD controiler 81 produces image signals
from the supplied image data for supplying them to the LCD
80. Thereby, the images corresponding to the image data
recorded on the recording medium 100 are displayed on the
LCD 80.

The conformation of the image display corresponds to a

display processing program recorded on an ROM. That is, the




I mage- pi ckup apparatus 10 according to the enbodi nent
via the system bus 65 and the nmediumI/F 50. The
i mge data, as wll be described later, are recorded
in the recording nedium 100 as a file. The inmage data
recorded on the recording nmedium 100 are read out
fromthe recordi ng nmedium 100 via the nmediumI/F 50
so as to supply objective inmage data to the canmera DSP
30 in accordance with a user operation input received
through the operation um 4170 including a touch pane
and control keys. The canmera DSP 30 perforns SO5P1630
deconpressi on (extension) on the conpressed inmage
didatlayr padcesiinf dhereecasdbngraecinums 0@ abdorded
supplied via the nediumI/F 50 so as to supply the
ragaesnpr e sled. g tdanadt 614n GO wwortndolther i8dawi a
the system bus 65. The LCD controller 81 produces
TEPRRGECSTYMAFE e rom t he supplied i mage data for
supplying themto the LCD 80.. There t he i.mages
cor?%%ﬁﬁ% %ﬁf%z‘¥h89Pﬁ£@%P%éV5aCFSEgﬁE%dt%nt?%e
er800R0RN0; BAMMAD0 AE dhsPlavad, an heool B0, Jihe

conformation of the image display corresponds to a

tréi SRkaynPI OCASSIi 019 tRLOARaRE LeCOrdedi R aRuBOM dhaty,
is, the - 41 S05P1630 d?gpfaylgfogggg}na progr§ﬁ1i%

coanprogdam oin the arecar deds saahetorafuta rhelfow srabh Dhedo
file systemand the image reproduci ng manner. The
asi frageapt ckgw appdratiysnl Ohaceordintyg. tcompheer and record

them on the own recording medium 100. Alternatively, the
image data recorded on the own recording medium 100 may be
supplied to an external personal computer.

By connecting a communication module to the external
I/F 90, the image-pickup apparatus 10 may be connected to
the internet, for example, so as to have various image data
and other information through a network and record them on
the own recording medium 100. Alternatively, the image data
recorded on the own recording medium 100 may be fed to the
objective other party through a network.

The image data information obtained through the
external personal computer or the network and recorded on
the recording medium may also be read out in the image-
pickup apparatus according to the embodiment, as described
above. Obviously, the information may be reproduced so as
to display it on the LCD 80 for use by a user.

In addition, the external I/F 90 may also include a




enbodi nent is provided with the external T/F 90.

Through the external 1/F 90, the inmage-pickup

apparatus 10 may be connected to an external persona

conmputer, for exanple, so as to have imge data from

t he personal conputer and record themon the own

recordi ng nedium 100. Alternatively, the inmge data

recorded on the own recordi ng medi um 100 rmay be

supplied to an external personal conputer. By

connecting a conmmuni cat i on“Aodul e to the external | /F

90, the inmage-pickup apparatus 10 nay be connect ed 74 930

the internet, for exanple, so as to have various inage
wigatiainaadf athersualf esmaEEDBN ( 1y Bugh-<a cderherkrand!l and

record themon the own recording nmedi um 100.
elACCEPRATF vRTYL T )i redd  datd @ r'&thor d@d vEnse hes dtrat

recording nmedium.100 may,.be fed to the objective
ouGE her Par? yo hGUgH *a tAGE RoTR.© THe 1 ege J0AEAT"Se
nalB07 TBhL 00 OBI.AI NG L BHONGD L0162t hnal rpeLsonal

conputer or the network and recorded on the recording

medi ¥ By Alrsenke, r ead- Ut ddyd-Re ckiBISopRELKUP 10

apparatus according to the enbodi nent, as descri bed
acabedengChvi ouslambodieennf otibhe ¢ Onimmye sbe reepi okee ede sod

as to display it on the LCD 80 for use by a user. In
regedidefionn the waediak REF1Ig0 My elwdeidnehuties almPye-

SO5P1630 wired interface, such as IEEE (institute of
pigkapt pPRaraand 1 eédtfohlesiBagt s rersodedany HUsSB
resﬁ%g'g}{gégr%lf%fgrﬂlgdcoe 048} 39, AN SR 6] 95, LadLo vave

for use. Also, image data supplied through an external
personal computer or a network may be recorded on the
recording medium 100 mounted on the image~-pickup apparatus
10, cor may be read out and reproduced.

In the image-pickup apparatus 10, the CCD is
incorporated as image-picking up means; however, the image-
picking up means in the image-pickup apparatus according to
the present invention is not limited to the CCD, so that in
addition to the CCD, other image-pickup elements such as a
CMOS (complementary metal-oxide semiconductor} may also be
used.

Speclific shapes, structures, and numeric values of
cemponents in the embodiments and numeric embodiments
described above are only examples in carrying out the
invention, so that the technical scope of the present

invention cannot be construed as limited to these.




Nanely, the external 1/F 90 may be wired or wreless.
In such a manner, in the inmage-pickup apparatus 10
according to the enbodi nent, object imges are picked
up and recorded on the recordi ng nmedi um 100 nount ed
on the image- pickup apparatus 10 while the inmage data
recorded on the recording nedium 100 are read out so
as to reproduce them for use. Also, inmge data
supplied through an external. personal conputer or a
network may be recorded on the recordi ng medi um 100
mount ed on the inmage-pi ckup apparatus 10, or naf“HQQ63O
read out and reproduced. In the inage-pickup apparatus

Ity stirhe LCEPp L scalphicidrypor at ed as i mage- pi cki ng up
means; however, the image- picking up nmeans in the
i mafe?pPE kU ApFPar &flusMase o HF Y tBPPaRe Upr BSent the
invention is not.limted to th so that in

2 nED PHEV G Seneet Hage b tkip El Stefrdeguch

i As HRE.(GP0P] emEntary etal - oxide semi conduct o)
may al so be “used. Specific shapes, structures, and
nuneri c val ues of conponents in the enbodi ments and
nuneri c enbodi nents described above are only exanpl es
in carrying out the invention, so that the technica
scope of the present invention cannot be construed as
limted to these. - 43 S0521630 Industria
Applicability A zoomlens and an i nmage-pi ckup
apparatus using the




zoom | ens are provided for use widely in digital video

caneras and digital still caneras. - 44 S05P1630
CLAIMS 1. A zoomlens conprising: first lens group
havi ng positive refracting power; second | ens group
havi ng negative refracting power; third | ens group

havi ng positive refracting power; and fourth |ens
group having positive refracting power, which are
arranged from an object side in that order, wherein
during variation in lens pdsifion froma w de angle

end state to a telescopic end state, the first a%ﬁ) 1630
third |l ens groups are fixed at predeterni ned positions
along the optical axis, G#dgMSecond |lens group is

noved toward an inmage side, and the fourth | ens group
noves so as to conpensate fluctuations in

i mage osition .due to the shift of the second

ﬁensAgggé%afg%gr%ﬁWPﬁﬁ?l§ﬁérture di aphragm i s arranged
ad %C? Fs% ens g.xlp fxtav:?h(g &1 4:he tr@fr%;:‘:?ﬁgc’.%v?%g

or w nt ens group and I Xe

opt,cak-gxd aiencg rg%%‘hboﬂavgf‘ﬂc'j i Iﬁ@gatthﬁfev%@féfab@ﬂn@ NHdens;

position, wherein the second | ens group includes a

negat t¥erd MBS euS upe s vilh i ho@s Coneave fsuct ace power;
opposing the imge side and a cenented |lens of a
argi concave | ens and a positive |ens

a fourth lens group having positive refracting power,
which are arranged from an object side in that order,

wherein during variation in lens position from a wide
angle end state to a telescoplc end state, the first and
third lens groups are fixed at predetermined positions along
the optical axis, the second lens group is moved toward an
image side, and the fourth lens group moves so as bo
compensate fluctuations in image-surface position due toc the
shift of the second lens group,

wherein an aperture diaphragm is arranged adjacent to
the object side of the third lens group or within the third
lens group, and is fixed in the optical axial direction
during the variation in lens position,

wherein the second lens group includes a negative
meniscus lens with a concave surface opposing the image side
and a cemented lens of a biconcave lens and a positive lens
with a convex surface opposing the obiect side, which are

arranged from the object side in that order, and the




with a convex surface opposing the object side, which
are arranged fromthe object side in that order, and
the - 45 S05P1630 negative neniscus lens is made of
a conmpound lens of a glass lens and a resin | ens
formed adjacent to the imge side of the glass |ens,
the lens surface adjacent to the image side of the
resin |l ens being aspheric, and wherein the follow ng
conditional equation (1) is _ satisfied: (1) n2 > 1.75,
where n2 is the average refractive index of glass
| enses constituting the second |l ens group with $05P1630
respect to d ray. 2. The lens according to Claim1,
naghrarigienneheés fob Ikm'mgis condi pfo@aqfor@waﬁ erne2ptis glass
satisfied: (2) 0.25 < Rs/Da < 0.45, where Rs is the
er%dlau@ 8f TRtV atiite fSrTERe AHaASSRurfacd e HEarestiee of
ge side_ .of the neniscus Iens in th second
r%lajrsog “%hd“b% T R dPSE aRde” T3 0m The Pengave side
ofs%f a%%sﬁg Vé%%% %%@ endystate to the
aperture diap ragn1 'ens according to Caimi,
V\hehﬁbﬁemetﬁ@lﬂoqwoﬁqngcaaﬂﬁitM1 equation (8) is
satisfied: (3) 0.7 < (R - R)/(R + R2) < 0.9, where
sdlidfSetihe radius of curvature of the | ens surface
nearest to the object side of the negative neniscus
| endl)arfanged d:n the second lens group and R2 is the

radi us of . .
where n2 1s the average refractive index of glass lenses

constituting the second lens group with respect to d ray.

2. The lens according to Claim 1, wherein the following
conditional equation (2) 1s satisfied:
(2) 0.25 < Rs/Da < 0.45,
where Rs is the radius of curvature of the lens surface
nearest to the image side of the meniscus lens in the second
lens group and Da is the distance from the lens surface Rs

in the wide angle end state to the aperture dlaphragm.

3. 'The lens according to Claim 1, wherein the following
conditiconal equation (3) is satisfied:
(3) 0.7 < (Rl - R2)/(R1 + R2) < 0.9,
where Rl is the radius of curvature of the lens surface
nearest to the object side ¢f the negative meniscus lens
arranged in the second lens group and RZ is the radius of

curvature of the lens surface adjacent tc the image side of




curvature of the lens surface adjacent to the inmage
side of - 46 SO05P1630 glass |lenses constituting the
negati ve neni scus |lens arranged in the second | ens
group. 4. The lens according to Claim1, wherein the
follow ng conditional equation (4) is satisfied: (4)
0.3 < If2l/(fwft)l/2 < 0.4, where f2 is the foca
| ength of the second lens group; fwis the foca
length of the entire |ens %§sgen1in the w de angle
end state; and ft is the focal Iength of the ent@@%91630
lens systemin the telescopic end state. 5. An
I mage- pi ckup apparatus conprising: a zoomlens; and
glansi Aageepi ek dlvdraat Ther nevdivera iMeg-6ptcabn$ mges
fornmed by the zoom|ens into electric signals, wherein
ArrREIZeont| BHS ?%ﬁﬂqﬁd3§“5 PIrYst- 1 ens group having
positive refracting power; a second |ens group having
negative refracting power; a third | ens group having
Rosi kjve; Lol racting jpower c1and 2 fpwddnl eRs 9rPupPyin
having positive refracting power, which are arrange&;
cdhbemMana0bi@eit i da )i Ast batiofoer:, wherein during
variation in lens position froma w de angle end
stat®) t®. A ¢ elfedddpiwvcfend/state,4,the first and third
l ens groups are fixed at predeterm ned positions along
whieffe égtiéth%xV§¥ﬂtH@ﬂ§ééoﬁ§ Henss agicodp Legsnpyede; tw is
d

t owar an , \ .
the focal length of the entire lens system in the wide angle

end state; and ft is the focal length of the entire lens

system in the telescopic end state.

5. An image-pilckup apparatus comprising:

a zoom lens; and

an image-pickup element for converiing optical images
formed by the zoom lens into electric signals,

wherein the zoom lens includes a first lens group
having positive refracting power; a second lens group having
negative refracting power; a third lens group having
positive refracting power; and a fourth lens group having
positive refracting power, which are arranged from an object
side in that order,

wherein during variation in lens position from a wide
angle end state to a telescopic end state, the first and
third lens groups are fixed at predetermined positions along

the coptical axis, the second lens group is moved toward an




- 47 S05P1630 inmage side, and the fourth | ens group
noves so as to conpensate fluctuations in
i mge-surface position due to the shift of the second
| ens group, wherein an aperture diaphragmis arranged
adjacent to the object side of the third I ens group
or wwthin the third lens group, and is fixed in the
optical axial direction during the variation in |ens
position, wherein the second | ens group includes a
negative neniscus lens with a concave surface
opposing the imge side and a cenented |ens of a2 0oP1630
bi concave |l ens and a positive lens wth a convex
imsgef a¢deoppodi Wy thveizéhb éenssidesr whiihely areasarpanged
fromthe object side in that order, and the negative
CHPRISENS ﬁéﬁ%t?%ﬁﬁﬂﬂﬁelelﬁaE%nﬁ%ﬁ?ﬁFq WS i6£ o ghassc the
}l%p gngha r§S|QiH§Q% f%%ned adj acent to the imge
ShiTe O5f “PEhe® gi"™ss T"eng  °tRe 1 ens surface adj acent to

the,} DRGE, Séx{j%pe‘}ftutcged£§}§?1£‘a i r}Lss hei ng.a§ pQ&; aLe ntanc%

wherein the follow ng conditional equation (

treabibsbicedsidd)oNZ e knfod WhekegRZid oot hataver a_g@ third
refractive index of glass lenses constituting the

lesseconrdupbensngroupt etdh inespectptiocal reayial Girdheion
apparatus according to Caim5, wherein the follow ng
dugomdi thendhregustd om (2ysi gogatiefied: (2) 0.25 <
Rs/ Da < 0. 45,
wnerein the second lens group includes a negative
meniscus lens with a concave surface opposing the image side
and a cemented lens of a biconcave lans and a positive lens
with a convex surface opposing the cbject side, which are
arranged from the object side in that order, and the
negative meniscus lens is made of a compound lens of a glass
lens and a resin lens formed adjacent to the image side of
the glass lens, the lens surface adjacent to the image side
of the resin lens being aspheric, and
wherein the following conditicenal equation (1) is
satisfied:
(L) n2 > 1.75,

where n2 1s the average refractive index of glass lenses

constituting the second lens group with respect to d ray.

6. The apparatus according to Claim 5, wherein the
following conditicnal equation (2) is satisfied:

(2) 0.25 < Rs/Da < 0.45,




- 48 S03PI630 where Rs is the radius of curvature of
the lens surface nearest to the image side of the
meni scus lens in the second |ens group and Da is the
di stance fromthe lens surface Rs in the w de angle
end state to the aperture diaphragm 7. The apparatus
according to Claim5, wherein the follow ng
conditional equation (3) is satisfied: (3) 0.7 < (R -
R2)/ (Rl + R2) < 0.9, where Rl is the radius of
curvature of the |ens surfdfe™ nearest to the obj ect
side of the negative meniscus |ens arranged in ti@EL1630
second lens group and R2 is the radius of curvature
whefret Re Lenshsurddics ad] agentttoe thle tihnragensi derbfice
gl ass |l enses constituting the negative neniscus |ens
nexreghged Fhet Her e coné Iognéh@r‘&%fbl.s%%s THe&sappafat usecond
according_ t aimp5, lerein the falloqw ng
L erBoat S i it A SFEhds TErr edie Wi egsurtace =s
) E210 (fuef <..0.4, e ' f th of
inﬁées&gggdg%%%% %ﬁ%ﬁbft%uﬁﬁstﬂghéa?%ggﬁ %g%ngggg'the
entire lens systemin the wide angle end state; and
ft is the focal length of the entire lens systemin
t’/he trekespoptetencicsicatiéng to Claim 5, wherein the

following conditional equation (3) is satisfied:
(3 0.7 < {R1 - R2}/{(R1 + R2} < 0.9,

where R1 is the radius of curvature of the lens surface

nedrest to the object side of the negative meniscus lens
arranged in the second lens group and R2Z is the radius of
curvature of the lens surface adjacent to the image side of
glass lenses constituting the negative meniscus lens

arranged in the second lens group.

8. The apparatus according to Claim 5, wherein the
following conditional equation {(4) is satisfied:
(4) 0.3 < [£21/({fw-£fL)1/2 < 0.4,
where £2 is the focal length of the second lens group; fw is
the focal length of the entire lens system in the wide angle
end state; and ft is the focal length of the entire lens

system in the telescopic end state.



