ZOOM LENS, AND ELECTRONI C APPARATUS USI NG THE SAME CROSS REFERENCE TO
RELATED APPLI CATION 5 This application clainms priority from Japanese
Priority Docurment No. 2003-287295, filed on Aug. 6, 2003 with the

Japanese Patent O fice, which docunent is hereby incorporated by
reference. 10 BACKGROUND OF THE INVENTION 1. Field of the Invention [0001]
The present invention relates to a zoomlens having small size and good
optical performance, and to an electronic 15 apparatus using the sane. 2.
Description of the Related Art [0002] In recent years, it has been demanded
that small-sized canera nodul eszbo¥ LE®S, nANDDi | e tel ephones which are one
type 20 of el ectronic apparatus having a reduced thi ckness and opti cal
zoom | enses. This typé C@ﬁgﬂﬁq(ﬁﬁ?ﬁéﬁﬁU%mP%%ﬁﬁd%%% $MEake dropping

i npact into account, because of its portability in particular. Namely, if
a lens suitable for this use is to be designed, it is necessary to take
into account that a CROSSZBEGERENCROTOt REQLADEON AR ISIATE ON osest to an
object is designed. not to nove during zoom ng. In addition, is also
necessafy to taﬁ@%ﬁﬂRP%&ﬁﬁﬁ#@nFﬁéﬂm€H§4Q#E¢Y§r8@§§ﬁﬁ&P%%?r%8rﬁFﬁject

outvardly fy @ﬁhQQﬂy fﬁoﬁaﬂ@PééﬁetfifBHOB% 9!§}hﬁ%g'%§b3 &?993§h§0 As

one constr UCtI on satisfres t se condition exanpl e

const r uct i QrapewedeePabast ddrfedie Wkt eh B uriedsdi & Heansbyhancogparaned- power
barrier is_ provided in front of a 2-group zoom | ens nade of positive and
ce.

negative | &¥s I

10 BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001]} _
The present invention relates toa zoomlens having small
size and good optical performance, and to an electronic
15 apparatus using the same.
2. Description of the Related Art
[oooz2]
In recent years, it has been demanded that small-sized
camera modules for use inmobile telephones which are one type
20 ofelectronicapparatus havinga reduced thickness and optical
zoom lenses. This type of zoom lens must be designed to take
dropping impact into account, because of its pertability in
particular. Namely, 1f a lens suitable for this use is to
be designed, it is necessary to take into account that a lens
25 group positioned on the side closest to an object is designed
not tomove during zooming. In addition, it is also necessary
to take into account that the lens is designed not to project
outwardly from the body of a mobile telephone or the like.
[0003]
30 As one construction which satisfies these conditions,

for example, a construction can be considered, wherein a fixed
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It has al so heretofore been proposed to provide a zoom | ens which
includes, in order froman object side, a first lens 5 group having an
negative refractive power, a second |lens group having a positive
refractive power, and a third lens group having an negative refractive
power, andperforns zoom ngwhile noving the second | ens group and the third
|l ens group with the first lens group fixed during the zoomng (refer to,
for 10 exanple, Patent Docunent 1 and Patent Docunent 2). [0004] Patent
Docunent 1: Japanese Lai d-Qpen Patent JPA 2000-330024 Patent Docunent 2:
Japanese LaiethsOparvifat emt ndBApoke rHbArT1327 A sSPMYKERY e 1 HHE rioNYENE| &N

[ 0005] In the for mer constructlon however, since the effective 20

di anet er o THOWREPPEr L PR3 Mdse OTaPeaRET HE A Ate IR HiRId SO BABHEPPN hei ght

and Wi dth. e a9Uheh baDdsorb hIbE LALLGLd SSHIUAON ROl 9By 1S

power variation rafio Is as oximatel'y 2 tines, but also the
di storti onwaiidhed noliudizsangire oeididd $ricar ga. obfeatdistiden, at feretoteuss the
problen125 t hat |f an i mage pickup el enment such as a CCD (Charge Coupl ed
Devi ce) 3i s I8P avwa 4] B8gat bV e Frdtd@yiVG PRECSurdF §660BF 1?% ICRHGe

pi ckup el e ssal ter (o] LUCHI
satlsfactogﬁﬁ}rgﬁ qggﬁhg%f gggg%e g?&%?% % d’t%‘e%ﬁ'tl o ﬂg@% %%gﬂ?OOOG]
The presenmavﬁﬁgﬁmﬁaghasvb&eﬁnmmtidapdméNﬁahh@&&ﬂbnmgmm@mxngNa&&by, the
present invention provides a zoon1|ens |nclud|n% a negative first _lens

group whi cRI%HY & ARIRG Lsowe STPRF &0C0EE &DPES tlle@é GEOHRA WiLERS gr oup

whi ch MOVEShe first lens group fixed durlng:the zooming (refer to, for
10 example, Patent Document 1 and Patent Document 2).
{0004]
Patent Document 1: Japanese Laid-Open Patent JPA
2000-330024
Patent Document 2: Japanese Laid-Open Patent JPA
15 H10-513270

SUMMARY OF THE INVENTION
[0005]
Inthe former construction, however, since theeffective
20 diametercfthebarrierislarge, acameracannot bemade compact
in height and width. On the other hand, in the latter
construction, not only its power variation ratio is as small
as approximately 2 times, but alsc the distortion at the
wide-angleendislarge. Inaddition, thereoccurstheproblem
26 that if an image pickup element such as a CCD (Charge Coupled
Device} is used, a lid glass for protecting the surface of
the image pickup element becomes necessary, but the latter
construction cannot satisfactorily ensure the back focus
because of the 1lid glass.
30 [0006]

The present invention has been made to solve these
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froman i mage side toward the object side fromthe w de-angle 5 end toward
the tel escopic end during power variations, and a negative third |ens
group which noves on the optical axis during power variations in this
order froman object side, wherein the third lens group is nade of a front
group and a rear group with an air space interposed between the front
group 10 and the rear group, and' when fl denotes the focal length of the
first lens group, f2 denotes the focal |ength of the second |ens group,
and y denotes the diagonal |ength of an image pickup plane, the follow ng
condi ti onalPGRRNSs Aegedati Eg?é%ﬁesf.ré: INPeRLAPTPROWLEGRS & Fq9m 1pms] 1 <

f2/ 2.0 ; ;o 0Q0 : : : ; - : f th
(21t Fandnghahind PRV Ree b3 ) gLl Sl b 10

f3/ly | < 3.pbwer vaD)iax0 008 dawithere sewemd Ierdenptrs ke foealvdsengt h
of a lens fositioned on the side closest to an object in the third |lens
group, the ¥ 8Ri WSS rithds Sr¥PIEEEIP] ack sidss Feem e wide-Raples | <

1.5 g4)&g[t§%§§dl IS J t | t ; it | _FQrnul a (1 efines
the focal length o tﬁegletf !%resitéﬁrgeloﬁ{s&dg%g{?p,Jjﬂ%hl%;a;%fuf%ggﬁg%%tnq‘énasdi sat)ng?ti on
whi | e rest reaineigag iare ithdreadenisngktbepdivAiiehenovés bf Hd opit ilanertis The
conditional Fornmula (2) defines the 30 focal |ength of the second | ens

group, t he%%%ﬁ%l‘ﬂﬁrmqrﬁ gt GHre @I i FplRer Pbdlecand igema
e o UGS ST R C R
rear group with an air space interposed between the front group
10  and the rear group, and when f1 denotes the focal length of
the first lens group, £2 denotes the focal length of the second
lens group, and y denotes the diagonal length of an image pickup
plane, the following conditional Formulas are satisfied:

1.3 < | f1/y | < 3.6 --- (1)

15 1.1 < £2/y < 2.0 -++ (2)
[0007]

Further, when £3 denotes the focal length of the third
lens group, the following conditional Formula is satisfied:

1.6 < | f3/y | < 3.4 -+ (3}

20 [0008]

Further, when £31 denotes the focal length of a2 lens
positioned on the side closest to an object.in the third lens
group, the following conditional Formula is satisfied:

0.6 < | £31/£f3 | < 1.5 +-- (4)

25 [0009]

In this invention, the conditional Formula (1)} defines
the focal length of the first lené group, thereby suppressing
distortion while restraining an increase in the diameter of
its front element. The conditional Formula (2) defines the

30 focal length of the second lens group, thereby compatibly

realizing correction of spherical and coma aberrations while



focal length of the third | ens group, thereby reducing the 5 incident angle
of an off-axis beans on the inmage pickup elenent while restraining an

i ncrease of the back focus . In addition, the conditional Fornula (4)
defines the focal length of the front group of the third | ens group,

t hereby suppressing inward coma aberration which easily occurs between a
50% i mage height 10 and a 100% i nmage height in particular, and it is also
possi ble to suppress the occurrence of outward coma aberration. [0011]
According to this invention, it is possible to provide a conpact zoomlens
in which eVé&FHF1 e ratophsofripeperent sderked BOVERgV2ESRITAGNSI-t S
conpactnes%ddﬁd¥n inpaired and the incident angle of off-axis rays on an
i mge pickup elenent is gentle as well as its optical performance is high.

BRI EF DESCRI PTI OO dEHE JRAWLNGS c2 Hitd.onk i Foansahe e ¢leamioss $o@ i onal
view showing a - zoom | ens_ according to the present node; Fig. 2 is graphs
of various I et af the $hdrd legsalnnosipgt fhergbivn reduiaisy the

enbodi nent ;; .Fi. i fevar. rrations _at the 25.internediate
Focal | Engiriq et afa SR, B e HBe BRE ULl Tl R [l 2 BieEHe

aberrati onsraifl ¢ hestpagniagaln iherghbeasfthe Hate foeeh. enbodigaBRt ok, Fig. 5
is a schematic cross-sectional view showi ng the construction of a zoom

| ens accor dilYfy G544 tdengdd FerBydiend Al ; de8dnepgthe fecayl apngtdl ofatheus
aberration%fqbg f’%ﬁ%&tlu§93 kdhl%% [ cond enbodi.nent;. 4 Fig.
7 is graphs of v Fi OuS gberraﬁlon% a Efﬁgg'#ﬁf@?ﬁ%ﬁl%R%F?%%%?gﬁgﬁafﬁ'in t he
second enbadimeaberantdibhgvhitt sagiaphscairy peitaesnabenraihans hati ghite | ong
f ocal ben%th end in the second enbodi nent. _
1 nd a 100% image height in particular, and it is also possible
to suppress the occurrence of outward coma aberration.
{0011]
According to this invention, it is possible to provide
a compact zoom lens in which even if the first lens group is
15 fixed during zooming, its compactness is not impaired and the

incident angle of off-axis rays on an image pickup element

is gentle as well as its optical performance is high.

BRIEF DESCRI_PTION OF THE DRAWINGS
20 Fig. 1 is a schematic cross-sectional view showing a
zoom lens according to the present mode;
Fig. 2 is graphs of various aberrations at the short
focal length end in a first embodiment;
Fig. 3 is graphs of various aberrations at the
26 intermediate focal length in the first embodiment 1;
Fig. 4 is graphs of various aberrations at the long focal
length end in the first embodiment 1;
Fig. 5 is a schematic cross-~sectional view showing the
construction of a zoom lens according to a second embodiment:
30 Fig. 6 is graphs of various aberrations at the short

focal length end in the second embodiment;



5 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0012] A node for carrying out
the invention will be described belowwth reference to the acconpanyi ng
drawings. Fig. 1 10 is a-schematic cross-sectional view showi ng a zoom | ens
according to the present node, and (a), (b) and (c) show the positions of
its individual lenses at its short focal length end, its internediate
focal length, and its long focal length end, respectively. 15 [0013]
Nanely, the zoom | ens according to the present node includes, a negative
first lens group which is fixed during power variations, a positive
second | ens groupt €2 whi th FB3RRS Pf oKPAACPAREReETaE1PBRarE THE obj ect side

fromthe w : e e:te capi n [ Qwer
variations,gﬁﬁgfﬂéﬁh%g%t?egg?ﬁ?%ggﬁgnéhg%ggpggggﬁﬁigﬁgﬁg&g%ngﬁmgﬁgioptical
axi s during poweFigasiix geaphsrof hasioudebd i ashohiatie $688.fodd1014]
The third lens group G3 in this zoomlens is provided 25 wth a lens L31
whi ch serve e%%g% ?ﬁ%n%ngFB%p?eﬁﬂﬂdaem€ﬁ§1@82tmhich is arranged as a rear
group wisth an air space interposed between this |lens L31 and the |ens L32.
When fl denotes the focal length of the first Iens group G, f2 denotes
the focal |ength ofDESIRISSEON dFeMHE)EREFEEREREMBODEMNES t he di agonal
30 length OL g%inage pi ckup plane, the followi ng conditional Fornmulas are
satisfied: O‘? 5] 1.3 <1 flly < 3. 6 (1) 1.1 <f2/ly<20... (2

[0016] . A mode for carrying out the invention will be described

below with reference to the accompanying drawings. Fig. 1

10 is a schematic cross-sectional view showing a zoom lens
according to the present mode, and (a), (b) and (c) show the
positions of its individual lenses at its short focal length
end, its intermediate focal length, and its long focal length
end, respectively.

15 [0013]

Namely, the zoom lens according to the present mode
includes, a negative first lens group Gl which is fixed during
power variations, a positive second lens group G2 which moves
from an image side toward the object side from the wide-angle

20  end toward the telescopic end during power variations, and
a negative third lens group G3 which moves on the optical axis
during power variations in this order from an object side.
[0014]

The third lens group G3 in this zoom lens is provided

25 with a lens 131 which serves as a front group, and a lens L32
which is arranged as a rear group with an air space interposed
between this lens L31 and the lens L32. When fl denotes the
focal length of the first lens group G1, f2 denotes the focal
length of the second lens group G2, and y denotes the diagonal

30 length of an image pickup plane, the following conditional

Formulas are satisfied:



5 Further, when f3 denotes the focal length of the third I|ens group G3,
the following conditional Fornula is satisfied: 1.6 <1 f3/y | < 3.4 (3)
[0017] Further, when f31 denotes the focal length of the lens 10 L31
positioned on the side closest to an object in the third lens group G3, the
follow ng conditional Formula is satisfied 0.6 <1 f31/f3 1 < 1.5 (4)
[0018] In the zoom |l ens according to the present node, the first 15 |lens
group Gl is nade of two elenents. O these two | enses L1l and L12, the |ens
L11 arranged on the object side is a glass spherical lens, while the |ens
L12 arrangéB80dAlthe image side is an aspherical lens. Nanely, in the first
|l ens group Gl o he zo | ens accordin o the present node, the anpunt
20 of refractionEo 5ffj§;h§?n§iﬁ'§eéhﬁ ggsthe wi de-angle end in
particular is |ange, <so thay | argecasti.gmahi smand distortion occur. For
this reason, the aspherical lens is used as the lens L11 on the inmge
side, to cdPPéétl- these aberrations. 25 [0019] Although, in the present

node, the first Len roup, Gl _is, made of  the t | enses and L12, the
first I%n§ group%u h%ﬁy g?%%:%%§ﬁ§€ e@fLEan?%ggdﬁﬁa% f%%ghelm thi*s case,
it is desinabkeisupdiee, AheabONEsH €AY dodRS t ildhaAdHbEhGNa & s 301 ££0Ph eX
aspherical surface nay al so be provided on an i mage-side surface of the
concave lens. 6 [L0628]| iBAhd €as3edwhere(Bhe first | ens group Gl includes

in conbin?bbﬁz]the gl ass spherical lens and the aspherical lens, the
material o aspherical lens is preferably plastic in

Further, when £31 denotes the focal length of the lens
10 L3I positioned on the side closest to an object in the third
lens group G3, the following conditional Formula is satisfied
0.6 < | £31/£3 | < 1.5 --- (4)
[0018]
In the zoom lens according to the present mode, the first
15 lens group Gl is made of two elements. Of these two lenses
L1l and L12, the lens L11 arranged on the object side is a
glass spherical lens, while the lens 112 arranged on the image
side is an aspherical lens. Namely, in the first lens group
Gl of the zoom lens according to the present mode, the amount
20 of refraction of off-axis main beams at the wide-angle end
in particular is large, so that large astigmatism and
distortion occur. For this reason, the aspherical lens is
used as the lens L1l on the image side, to correct these
aberrations.
25 [0019]
Although, in the present mode, the first lens group Gl
is made of the two lenses L1l and L12, the first lens group
Gl may also be made of single concave lens. In this case,
it is desirable to use an aspherical lens. 1In addition, a
80 -complex aspherical surface may also be provided on an

image-side surface of the concave lens.
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5 terns of cost nmerit. In this case, in consideration of variations in

focus due to tenperature variations, the focal |ength of the constituent
| ens desirably satisfies the followng conditional Fornula (5): 4 < |
f12/fwl .. (5) 10 f 12: focal length of the |Iens arranged on the inmage

side in the first lens group fw focal length at the w de-angle end [0021]
By satisfying this conditional Formula, it is possible 15 to suppress the
anount of focus point shift due to tenperature variations to a | evel which
causes no R&@%bﬁﬁ]in terns of practical use. [0022] The conditional

Formul a (2) i‘nes the focal length 20 of the positive second | ens group

&. |If the upper 14 mk egsémﬁefgngﬁéi% @r{gn&qﬂ]% %)icgﬁ@ggdetshgnf ocal

| engt h becones |onger. Accordingly, by se‘l-'ectl n foc 'ength so as
not to excesthimlaEiwppehelglEds spherd cpdskeht enidot hedisgpehdhieeadmbens, of

nmovenent ducin ower variations, whereby it is possible 25 to nmake the
zoom | ens gg’ﬁp‘gétgferéﬁlt‘ﬁé t@’t%élspl}?&ﬁ&,cai]f X?ﬁé 1owrefeiakty idasidéedad, the

focal 18ngtRRARCPLAONer; ACCaLALRAYY et S 'nefédrr&&éfgﬁjgﬁl?f ength so

as not to exceed the lower limt, it is possible to conpati ealize
correcti onvefrisgheniscah fomhsahwe abetempenasura yartatcidms, th30£pea23] In

t he present node, perture stop Sis arranged in 7 the _second |ens group
on the sid e@lggg’eﬁn tgmc T e ekt deherapey t 8Rklsfspssthe nade to

nmove toget ken 1Wlihd henB8CUHL 1 8RS AIoUP (62, during power variations. The
reason for this is that its exit pupi|l position can be made distant and
4 < | £f12/fw | - -- (5)
10 £12: focal length of the lens arranged on the image side
in the first lens group
fw: focal length at the wide-angle end
[0021]
By satisfying this conditional Formula, it is possible
15 to suppress the amount of focus point shift due to temperature
variations to a level which causes no problem in terms of
practical use.
[0022]
The conditional Formula (2) defines the focal length
20 of the positive second lens group G2. If the upper limit of
this conditional Formula is exceeded, the focal length becomes
longer. Accordingly, by selecting the focal length so as not
to exceed the upper limit, it is possible to reduce the amount
of movement during power variations, whereby it is possible
25 tomake the zoom lens compact. On the other hand, if the lower
limit is exceeded, the focal length becomes short.
Accordingly, by selecting the focal length so as not to exceed
the lower limit, it is possible to compatibly realize
correction of spherical and coma aberrations in particular.

30 [0023]

In the present mode, an aperture stop S is arranged in



5 the lens L11 which is the front elenent of the first lens group Gl can

be made small in its dianmeter. In addition, since the incident angle of
of f-axi s beans on an image pickup element | M5 can be made as shall ow as
possi bl e, shading can be suppressed to brightly illum nate the four

corners of its inmage plane. 10 [0024] The second lens group & is forned
as a cenmented lens made of a biconvex lens L21 and a concave |ens L22.
This is intended to appropriately correct spherical aberration in the
entire ran of IH% variations. Incidentally, if a positive 15 lens and a

negative | &ﬁqL&P &% Hﬁ‘e@idéep GseHt tabéhearksrdts so
it vl oiEEas Ay = I et o RBVECEEEE N 3T 18" 0

groups. [0025] The gl'ass materi € convex

the concavesdansl [22si qrole Gedontdnhgnsvgr oupic? ibasdesThabten seh eetred to
satisfy th Qonditign of the followng expression: 12 <1 v2| - v22 (6)
v21: Abbe' furdSerRst thd ebhveinidndositien cpg Redwme dl@rtsargﬁr@@@ & 25

v22: Abge’ t%é‘ﬂ!@ﬁ%rlhie)f glil??hcfg%%\éef£§ﬁ§ eli%ﬁne?l&b%?ethsee%&? dy leqlf's gg'r%[po &2

[ 0026] By setting t erence between't e's nu ers

satisfy thiGl candb¢inede istnaild posisiblid ametear.r ech chs[Tbli@ﬂgmzn ITFECEM é:%hsr Omiltl c
aberration e wde-angle end in particular. 8 [00 e conditiona
For mul a (3)”@?({] AN & Séapfﬁeﬁffnlﬁ DRfmE Hen gy diiage PRCKHD eAsmgndup G3.

I the uppemvd &8 beWadad hb 8ne2R8itd098L s FOT TVL RS nEe6008d 1 ph 08 secp!

| engt h becones
to brightly illuminate the four corners of its image plane.

10 [0024]

The second lens group G2 is formed as a cemented lens
made of a biconvex lens 121 and a concave lens L22. This is
intended to appropriately correct spherical aberration in the
entire range of power variations. Incidentally, if apositive

15 lens and anegative lens are independently arranged, spherical
aberration is excessively under-corrected and is difficult
to correct in other lens groups.

[0025]

The glass material of each of the convex lens L21 and

20 the concave lens L22 in the second lens group G2 is desirably
selected to satisfy the condition of the following expression:

12 <| v21 - v22 --- (6)

vZ1l: Abbe’s number of the convex lens L21 of the second
lens group G2

25 v22: Abbe’ s number of the concave lens L.22 of the second
lens group G2
[00286]

By setting the difference between the Abbe’s numbers
sc as to satisfy this condition, it is possible to correct

30 longitudinal chromatic aberration at the wide-angle end in

particular,



5 longer. Accordingly, by selecting the focal length so as not to exceed
the upper Iimt, it is possible to restrain an increase in the back focus,
whereby it is possible to nake the zoom |ens conpact. On the other hand,

if the lower Iimt is exceeded, the focal |ength becones shorter.
Accordingly, by selecting 10 the focal length so as not to exceed the | ower
limt, it is possible to make close its exit pupil position.and reduce the
i ncident angle of off-axis beanms on the imge pickup elenent |IMa [0028]
15 The condi | Formula (4) defines the focal length of the front-group
lens L31 ha O@gqnegatlve power in the third I|ens group G3. If the upper

limt of this comgigt 'c%ﬂ@lltl'z_’.%'h@il @oﬁrﬁlé%?g?gdﬁ@fltn%% ft?l%a%oc%@_gﬁgng§ﬁomas

| onger. Accordingly, by selectingt l'ength so as not Xceed the
upper 20 | iofi thei hegstpussibliedt besappress Gmmaﬁﬁfdﬁmau@@enrahnﬁm wii ch

easily occ bet ween, a 50% |na e height and a looqblnage hei ght in
partlgular%%éﬁ??%§%ﬁ+ﬁﬁaﬁ§%&m %%@gpﬁﬁgﬁQHFﬁ? fpgaleleneBecenest ocal

| ength 9ecqras%s;e%horhe&orégﬁ@&gh E&gy%’ell@ét sfg;l @&éf%&g&g‘s %9&&958 £SO as

not to exceed the lower linmt; e to su he oCcurrence
of outmardUmﬁxﬁe@mEheapp@nlimxﬂpltumpdmsxbbsenmeﬁrhald&mlh?rédséﬁnSf
group G3 is of . the two Ienses L31 and L32. This results fromthe fact
30 t hat théngggﬁ pagi E8FPéctW RISHYr abed SnBedsibdepé o mekeasbg zPAMor der

to approprihahel ok sect Cﬁ%l’{ébgf’l%rq{ar(d ehd t‘?‘l%lgwéftl HTRL SBL LD geq
particular. Nanely, if the third lens gr'oup TS made of a srnagléfens
it will betdetfeoalylaidtt bekbmetsosheduee. asicgrmiisgl as byekklasting
elim n%e %ll!xrev%toléraﬁ SengLLelsg'as not to exceed the lower limit, it is
possible to make close its exit pupil position and reduce the
incident angle of off-axis beams on the image pickup element
IMG.
[0028]

15 The conditional Formula (4) defines the focal length
of the front-group lens L31 having negative power in the third
lens group G3. If the upper limit of this conditional Formula
is exceeded, the focal length becomes longer. Accoxrdingly,
by selecting the focal length so as not to exceed the upper

20 1limit, it ispossible to suppress inward coma aberration which
easilyoccursbetweena 50% image height and a 100% image height
in particular. On the other hand, if the lower limit is
exceeded, the focal length becomes shorter. Accordingly, by
selecting the focal length so as not to exceed the lower limit,

26 it is possible to suppress the occurrence of outward coma
aberration,

[0029]
In the present mode, the third lens group G3 is made
of the two lenses L31 and 132. This results from the fact

30 that the number of correction surfaces needs to be increased

in order to appropriately correct curvature of field and



5 [0030] In the present node, in the third lens group G3, the |lens L31

|l ying on the image side is described as either of |enses having positive
refractive power and negative refractive power, .but its power may be’
designed to be either 10 positive power or negative power, mainly when
astigmati smand curvature of field are to be bal anced. [0031] In the
present node, the lens positioned on the side closest to an imge is nade
of plastic. In the case of plastic, 15 the followi ng conditional Formula is
desirably satisfied: 5 <1 f32/fw]l %7) &0032 | f this conditional
Fornul a (7P2Sts-Emtis™ dip PRirtisulpgssi Bemely, supprheas $hilvd dmpsngrofipf ocus

mul a (7RSS R sl deosng
b obl em i 11 SFnlaoR BE ot FRRLGCkor] Dodal i o OFECaN SUpheriah

surface is tpy efeeriald stsSeghatfiom e weanstist gent 1hpnnas«okut-batiker d£l ens
group G3. This 25 is because the aspherical surface is preferable in terns
of correctfiisidf off-axis aberrations. [0034] In addition, since the third
| ens grgup Qﬁxﬂgs negative power, the back focus can be reduced and the
entire 20041 ens 30 can be reduced in size, but the incident angle to the

i mage pickup el anerhd Medsenthaiersedn khet RhS re@senst eohipusagornars 10
of the image plane becone slightly dark conpared to the inmage-plane
center, butlgTs ﬂﬁ@-6&@§éhﬁ”26%@lP@ﬁgei§l@§ed8idesérsbaﬁlagizéﬂhereefronic

e o ool A TS (SN - PLISE PSR &G ROgitigned Tn the
refractive power, but its power may be designed to be either
10 positive power or negative power, mainly when astigmatism and
curvature of field are to be balanced.
[0031]
In the present mode, the lens positioned on the side
closest to an image ismade of plastic. Inthecaseof plastic,
15 the following conditional Formula is desirably satisfied:
5 < | £32/fw | o ()
[(0032]
If this conditional Formula (7) is satisfied, it is
possible to suppress the amount of focus position shift due
20 to temperature variations to a level which causes no problem
in terms of practical use.
[0033]
Furthermore, an aspherical surface is preferably used
for the constituent lenses of the third lens group G3. This
26 is because the aspherical surface is preferable in terms of
correction of off-axis aberrations,
[0034]
In addition, since the third léns group G3 has negative
power, the back focus can be reduced and the entire zoom lens
30 can be reduced in size, but the incident angle to the image

pickupelement IMGis increased. Inthiscase, the fourcorners

10



5 many scenes, phot ography which highlights a subject in the inmage-plane
center can be naturally perforned. Incidentally, if the sane |evel of
brightness is to be obtained over the entire inmage plane, the inage
signals captured by the inage pickup elenent | M5 need only to be

el ectrically processed. 10 [0035] A plurality of enbodinents of the zoom

| ens according to the present node will be described below First, a first
enbodi ment of the zoom | ens according to the present invention wll be
described below with reference to Figs . 2 to 4. The 15 construction of
the zoom | erfs taec dmdigey Ptl@mehbed@n%tslelrﬂi‘d?diweiﬂrk scqmmtcastlme

schematic ¢ross-sectional vie Fi . 2 shows phs of
vari ous abéeff&S & neapepﬁgrsn%pf Rﬁéﬁ?ﬁ&a h 150 ﬂlrgg gnﬁﬁdlnent
Fig. 3 shawspgniaphszel ¥Eéb9£§n§@€£é@Eéé”EhéH dhe MBE§E699é§é§h$HEa| 20
length in the first enbodi ment, and Fig. 4 shows graphs of various

aberratlon§1atmthabbengsfacalpbsmguhneddlnnthhelmagstplenbodenéat 1H0036]

Tabl e 1_shows specific v es in the lLens. of the fir 5 enbodi nt. The
ot oo ey R | ot eRa By e ar Py Pk s BoREP SR Ber 8o 1 (4

r14 of the jhens $HHRCAS, SOMEN behdt \drallly BBIrBrh8R! eSERE Sakheal 8gi us of
curvature of a lens surface, and D represents the space between adjacent

two | ens dur frheesamy iepeéseﬁtbraghéheastuaetDnUeXObEhanedeOVGrthhe 30 d

line, and Vd represents an Abbe s pumber, [0037) Lt [Table 1] SUREACE

pickup element IMG need only to be electrically processed.
10 [0035]

A plurality of embodiments of the zoom lens according
to the present mode will be described below. First, a first
embodiment of the zoom lens according to the present invention
will be described below with reference to Figs. 2 to 4. The

15 construction of the zoom lens according to this first
embodiment is the same as the schematic cross-sectional view
shown in Fig. 1. Fig. 2 shows graphs of various aberrations
at the short focal length end in the first embodiment, Fig.
3 shows graphs of various aberrations at the intermediate focal

20 length in the first embodiment, and Fig. 4 shows graphs of
various aberrations at the long focal length end in the first
embodiment.

[0036]

Table 1 shows specific values in the lens of the first

25 embodiment. The surfacenumbersshown inTable 1 respectively
correspond to numbers rl to rl4 of the lens surfaces shown
in Fig. 1, and R represents the radius of curvature of a lens
surface, and D represents the space between adjacent two lens
surfaces. N represents a refractive index relative to the

30 d line, and Vd represents an Abbe’s number.

[0037]

il



14. 6360. 51. 516864. 2 21. 4000. 6 33.0330. 51. 5299655. 9 41. 852A

DI APHRAGM NFI NI TYO. 17 62.1780.971. 693553. 2 7- 1.8460.451. 755227.5 8-3.157B
9-4.3730.51.8211424.1 109. 7061. 22 11-3.4950.5.1.5299655.9 12-4.623C

131 NFI NI TYO. 51. 516864. 2 141 NFI NI TY0. 35 [0038] O the above-listed val ues,
D4, D8 and D12 are respectively shown by variables A, B and C, because the
5 respective spaces vary with zoom ng. The val ues of the respective
variables A, B and C of the first enbodi ment which are obtained when
zooming fromthe wi de-angle end to the telescopic end is perforned are
shown in Table 2.[TablRablle 2, f represents the focal length of the entire

system anfd giUREKBE. TMepresents the F-nunber pf—the entire system [ 0039]
[ Tabl e 2] |f ARMRER- 5011. 7180. 867| 4. 50.2920. 9p21. 48d6. 440, 752. ¥482. 716
[0040] It [T asquned flere Jépg R3] 4, O@T“‘Rg RIP5 168t T and J&‘Z(J_é ar e
respecti vety mage of asphef xg@t surfacgsg and gactr of
3 3.033 0.5 1.52996 55.9
4 1.852 A
DIAPHRAGM INFINITY 0.17
6 © 2178 0.97 1.69356 53.2
7 - 1.846 0.45 1.7552 27.5
8 - 3.157 B
) -4.373 0.5 1.82114 24.1
10 9.706 1.22
11 - 3.405 0.5 1.52996 58.9
12 -4,623 C
13 INFINITY 0.5 1.5168 64.2
14 INFINITY 0.35 '
[0038]

Of the above-listed values, D4, D8 and D12 are
respectively shown by variables A, B and C, because the
5 respective spaces vary with zooming. The values of the
respective variables A, B and C of the first embodiment which
are obtained when zooming from the wide-angle end to the
telescopic end is performed are shown in Table 2. In Table
2, f represents the focal length of the entire system, and

10 Fno. represents the F-number of the entire system.

[00389]
[Table 2]
f A B C
2.3 3.501 1.713 0.867
4.5 0.792 0.992 1.46
6.44 0.75 2.338 2.716
[0040]

It is assumed here that R3, R4, RG6, R9, R10, R11l and
15 R12 are respectively made of aspherical surfaces and each of

the aspherical surfacesisdefinedbythe followingExpression:
[0041]

12



t he aspherical surfaces is definedby the follow ng Expression: [0041] 12
h2 X = r +aha +bh6 +bh$ +dhl zr 1+ 1-(1+k) Y [0042] In this
Expression, x represents the coordinate of the aspherical surface in the
direction of the optical axis, r 5 represents the curvature, and h
represents the distance from the optical axis. The aspherical coefficients
a, b, c and- d are shown in Table 3. [0043] [Table 3] SURFACE Kabcd NUMBER
.302. 3522E- 03- 1. 9542E- 034. 5872E-04- 4. 0448E-04 4- 1. 0040E+004. 9833E-03-

2. 2764E- 021. 1914E- 02- 6. 5788E-03 68. 9352E-01- 2. 4343E-02-

1. 1284E- 023. 6955E- 03- 3.8957E-03 90- 3. 7955E-02- 4.5301 E-023. 9854E-01-
3.5193E-01 1004. 0338E-03- 6.8512E-025;0097E-01- 3.2677E-01 110- 7.5311
E-03- 1.3475E-011.9807E-01- 3.2229E-02 120- 2. 7873E-022, 4173E-02-

4. 7793E-024. 1961 E-02 10 [0044] In this first,enmbpdi pgnt, it is possible to
a zoom | ens havi ng*an o T’i&f‘h"qgg ﬁ%u"tdlil nmto 12 mm

construct 7
and an optical magnification ofl baut % ﬁgns. [0045] 15 A second
enbodi ment wil|l be described bel &% #4 ng

[0042]
In this Expression, X represents the coordinate of the
aspherical surface in the direction of the optical axis, r
5 represents the curvature, and h represents the distance from
the optical axis. The aspherical coefficients a, b, c and

d are shown in Table 3.

[0043]
[Table 3]
SURFACE
NUMBER K a b c d
3 0 2.3500E-03 | - 1.0542E.03 | 45879E.04 | - 40448504
4 “TD040E+00 | 4.9833E-03 | - 22764500 | 1.1914E-02 | -6.5788E03
5 8.9352E-01 | - 2.4343E-02 | - 1.1284E-02 | 3.6955E-03 | - 3.8957E-03
9 0 C3.7955E-02 | - 4.5301E-02 | 3.9854E-01 | - 3.5193E-01
10 0 4.0338E-03 | - 6.8512E-02 | 5.0097E-01 | -3.2677E-01
11 0 -7.6311E-03 | - 1.3475E-01 | 1.9807E-01 | - 3.2239E-02
12 0 - 2.7873E-02 | 24173502 | - 4.7793E-02 | 4.1961E-02
10 [0044]

In this first embodiment, it is possible to construct
a zoom lens having an overall length of about 11 mm to 12 mm
and an optical magnification of about 2 times.
[0045]

15 A second embodiment will be described below. Referring
to Figs. 5 to 8, Fig. 5 is a schematic cross-sectional view
showing the construction of a zoom lens according to the second
embodiment, Fig. 6 shows graphs of various aberrations at the
short focal length end in the second embodiment, Fig. 7 shows

20 graphs of various aberrations at the intermediate focal length
in the second embodiment, and Fig. 8 shows graphs of various

13



to Figs. 5to 8, Fig. 5is a schematic cross-sectional view show ng the
construction of a zoom | ens according to the second enbodinent, Fig. 6
shows graphs of various aberrations at the short focal length end in the
second enbodi nent, Fig. 7 shows 20 graphs of various aberrations at the
intermedi ate focal length in the second enbodi nent, and Fig. 8 shows
graphs of various 13 aberrations at the long focal length end in the
second enbodi nent. [0046] Table 4 shows specific values in the I ens of the
second 5 enbodinent. The surf are nunbers shown in Table 4 respectively
cor r espond akertRt inmbers Fhe tbord4fetal héehehl endf avethshemmondn Fig. 5,
and R repr t&iﬁégﬁlradius of curvature of a lens surface and D
represents e space between adjacent two lens surfaces. N represents a
refractive [jophesq relative to the 10 d line, and Vd represents an Abbe's
nunber. [0047] [Table 4] SURFACE RDNdVd NUMBER 15.0310.51.48770.4 21.4000.8
3147. 9040. 6247131386580 aw 4 FD UGN OVARMRAGM: NFI NILEYS. 47 (31 second

O T R SO, B LA A0 e AR, 2 R P cspecrivety
correspond to the numbers rl to rld of the lens surfaces shown
in Fig. 5, and R represents the radius of curvature of a lens
surface and D represents the space between adjacent two lens
surfaces. N represents a refractive index relative to the

10 d line, and Vd represents an Abbe’s number.

[0047]
[Table 4]
SURFACE
NUMBER R D Nd vd
3 5.031 0.5 1.487 704
2 1.400 0.8
3 147.904 0.624713 151386 56.4
4 32.480 A
DIAPHRAGM INEINITY 0.170371
5 2471 0.947441 1.6935 53.2
7 - 1.374 0.45 1.78541 39.2
8 ~72.662 B
3 53.745 05 1.62112 241
10 2.645 1.24006
19 - 3.977 0.50005 151386 56.4
12 = 4.000 C ,
13 INFINITY 0.5 15168 4.2
14 INFINITY 0.35
[0048]

Of the above-listed wvalues, D4, D8 and D12 are
15 respectively shown by variables A, B and C, because the
respective spaces vary with zooming. The values of the
respective variables A, B and C of the second embodiment which
are obtained when zooming from the wide-angle end to the
telescopic end is performed are shown in Table 5. In Table
20 5, f represents the focal length of the entire system, and

Fno. represents the F-number of the entire system.

14



11-3,9770. 500051. 5138656. 4 12-4.000C 131 NFI NI TYO. 51. 516864. 2 141 NFI NI TYO. 35
[0048] O the above-listed values, D4, D8 and D12 are 15 respectively shown
by variables A, B and C, because the respective spaces vary with zoom ng.
The val ues of the respective variables A, B and C of the second enbodi nent
whi ch are obtained when zoom ng fromthe wi de-angle end to the telescopic
end is perforned are shown in Table 5. In Table 20 5, f represents the
focal length of the entire system and Fno. represents the F-nunber of the
entire syst@ﬁ%4%§ [0049] [Table 5] fABC 2.33.641.4440. 338 4.50.5260. 340. 506
6. 440. 753. 1 . 073 [0050] It is assuned here that R3, R4, R6, R9, R10, Ril
and 5 R12 are reppacid v y made of aspherical surfaces and each of the
aspheri cal —surfaces 1 s defined h\JI the above-nentioned prr ssi on. The
aspheri cal cocfficients a., A ¢ ahd d sthwn  id the Jf;(prpqq on are shown in
Table 6. [|00511-3 10_[[Tahl 3.864 SURFACE K48¢d NUVBER 83387 2013E- 03-

2 25G54E- 02123874 02-1 4 5843B. 03 0.34 0.506
6.44 0.75 3.134 4.073
[0050]

It is assumed here that R3, R4, R6, R9, R10, R1l1l and

5 R12 are respectively made of aspherical surfaces and each of
the aspherical surfaces is defined by the above-mentioned
Expression. The aspherical coefficients a, b, ¢ and d shown

in the Expression are shown in Table 6.

[0051]
10 [Table 6]
SURFACE
NUMBER K a b ¢ d
3 0 - 7.2013E-03 | - 2.0554E-02 | 1.2307E-00 | - 4.5300E.03
4 TT.0040E+00 | - 2.6277E-02 | - 2.3169E-02 | B.8560E-03 | - 2.7069E-03
6 4.9702E-01 | - 2.9441E-02 | 4.5540E-04 | - 1.4524E-02 | ©.9400E.03
9 0 5.0450E-02 | - 4.8536E-02 | 1.8524E-02 | - 1.3847E-01
10 0 8.1500E-02 | - 2.1606E-02 | 2.2104E-01 | -1.9621E-02
T 0 - 5.6342E-02 | - 1.5751E-01 | 2.0427E-01 | 2.4562E.03
12 0 - 5.4820E-02 | - 5.3104E-02 | 2.6062E-02 | 3.4146E-02
[0052]

In this first embodiment, it is possible to construct
a zoom lens having an overall length of about 11 mm to 12 mm
and an optical magnification of about 2.4 times to 2.5 times.
15 [0053]
Numerical examples of the conditional Formulas (1) to

{7} of first and second embodiments are shown in Table 7.

[Table 7]
CONDITIONAL EXPRESSION EMBODIMENT 1 EMBODIMENT 2
(1) 1.3<|flly|<3.6 1.9 2.8
(2) 11< foly <20 1.5 1.6
(3) 1.6<|f3ly|<3.4 2.3 27
4) 0.6<|f31/43]<1.5 1.1 0.9
(5) 4 <|f12/fw | 4.6 35.1
(6) 12< v21-v22 25,7 14.0
€] 5 < | f32/fw | 13.8 90.9

15



4- 1.0040E+00- 2.6277E-02- 2. 3169E-028. 8560E-03- 2. 7069E-03 64. 9702E- 01-
2.9441 E-024.5549E-04- 1.4524E-029. 9400E- 03 905. 2450E- 02-

4. 8536E- 021. 8524E-02- 1.3847E-01 1008. 1500E- 02- 2. 1606E-022. 2104E-01-
1.9621 E-02 110- 5.6342E-02- 1.5751E-012,0427E-012. 4562E-03 120-

5. 4820E- 02- 5. 3104E- 022. 6962E- 023. 4146E-02 [0052] In this first enbodi ment,
it is possible to construct a zoomlens having an overall |ength of about
11 mmto 12 mm and an optical nagnification of about 2.4 tines to 2.5
times. 15 [0053] Nunerical exanples of the conditional Formulas (1) to

(7) of firdPOP8Ad second embodi nents are shown in Table 7. [Table 7]

CONDI TI ONAL EXP I MBODI.WENT 2 (1Y1..3 f < 3.61.92.8
ST < oy = b prter i R VBRI 2o Labitn g tohg p e 8Ent
1.51.10. 9 (h)yéntibh2dbW Be635ed ()l ctrdlic agRdthilde D df7xhe<t{ge/ fw

13.890.9 15 [0054] The above-nentioned zoom | enses according to the present
i nvention &BnwhEChisde izpdl denseni erappararneratefl imdhe pain hodhesh the

200m | eges gl D6OLDLALSH Ly \1e, D0l 5,2 AL ILEN S pLoY o0

wi th i mage prckup el enments to cap

exanpl e, mbkbest el eptigvesoon ditided, For bxeapRE3Snodidkt 8k1¥pHEA§aNET S,
nmobile term nals (PDA), personal conputers and pen-type caneras. The zoom
| enses ar eddgittaB|st oy cameran, shiwlitadi vedeeramerasi qrobile terminals

(PDA), personal computers and pen-type cameras. The zoom
lenses are suitable for use in small-sized electronic

10 apparatuses in particular (mobile telephones and small-sized
digital still cameras), and are capable of realizing image

pickup using an optical zoom of approximately 2 to 3 times.
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10 apparatuses in particular (nobile tel ephones and snall-sized digital
still caneras), and are capable of realizing i mage pickup using an optical
zoom of approximately 2 to 3 times. 16 WHAT IS CLAIMED IS: 1. A zoom |l ens
including, a negative first lens group which is fixed during power
variations, a positive second | ens group which noves from an inage side
toward the object side 5 fromthe w de-angle end toward the tel escopic end

during powsfnavars atienggpang.a negative third lens group which noves on
the optical axis during power variations in this order from an object

si de, wherein; the thiacpd éensgiogpuiddéngade végativenfigsoupemndymouwar 10

group with an, air. space |nterposed bet ween the front group and the rear
group; and é% SLTIRNY ROEGF VidgrGtth B¥S AL TS 'V95ﬁ§06?dﬁﬁs f2

denot es t heyfagal wﬂfé}gtﬂb@s tﬂl%ﬁ%@loﬁglag%n?1%&09817«???%13(@ Sside

di agonal |ength of an inmage pickup plan | ow ng condltlona
For nul a$ arEraathsfwiede-dngle elndf tdwagd&lﬁ tdléssop2ftyerd AubiAg gdweezoom
lens as cited in claiml1, where 20 when f3 denotes the focal |ength of

the third I'BHsYreRs, e mth@ecw@.w FRRIE T BRVRT B 1 6
<1 13y | ¢h8-pt3cadhe 4000 r‘i’fﬁ% f:%w%' t@grhatﬁloﬂ m 1 E’lru.g

when f31 denotes the focal |ength | ens p03|t|oned on t e SIS% é?osest
to an om(ﬂﬂni¢b1¢m¢tﬂidd,Iehsrgnnup, the followi ng conditional Formula is

satisfied: 0.6 < | /.f3 1.5 3 el ectroni ¢ apparatus including a
zoom lens and an }?g‘?‘% g tljjgi??c%r‘?lb? JtSaW‘HEj ?#rﬁ"g&oflﬁr%&iw‘? £RE 395RT ens,

10 grqup with an air space interposed between the front group
and the rear group; and
when £1 denotes the focal length of the first lens group,
f£2 denotes the focal length of the second lens group, and y
denotes the diagonal length of an image pickup plane, the
15 following conditional Formulas are satisfied:
1.3 < | f1/y | < 3.6
1.1 < £f2/y < 2.0

2. The zoom lens as cited in ¢laim 1, wherein;
20 when £3 denotes the focal length of the third lens group,

the following conditional Formula is satisfied:

1.6 < | £3/y | < 3.4

3. The zoom lens as cited in claim 1 or 2, wherein;

25 when £31 denotes the focal length of a lens positioned

on the side closest to an object in the third lens group, the
following conditional Formula is satisfied:

0.6 < | £31/£3 | < 1.5

30 4. An electronic apparatus including a zoom lens and

an imaging device for taking images through the zoom lens,

17



17 wherein said zoom |l ens conprises: a negative first lens group which is
fixed during power variations; a positive second | ens group which noves
froman image 5 side toward the object side fromthe w de-angle end toward
the tel escopic end during power variations; and a negative third | ens group
whi ch noves on the optical axis during power variations in this order from
an object side, wherein; 10 the third lens group is made of a front group

and a rear wgeedRnWshhdanRodi 1$PRACR Jparfesed between the front group and
the rear group; and when f1 denotes the focal length of the first |ens

group, f2 denotes ngwatipeall ireigl Anefgtdep sddohdi b efiscagt cupingnooyer15

denot es thevdkﬁggnal | ength of an image pickup plane, the follow ng
condi ti onal ' Formul88%are satisfied: 1.3 < | fl/y [ <3.6 1.1 <f2/y <2.0

20 5. The el ectrogigo 2ppey@tdbe At QiekRdgirBup! #h B4 mAPSL §irdy JWNER. L3
denotes the focal length of the third | éns group, the follow ng .

condi ti dhal skéentibeakrs thei gbiedt $i6e<from3tlel|wikdd-dng@bebendheowkedt ronic
appar at us as Ci rein; when f31 denotes the focal

ed in claim4 or 5, whe
| ength of a P%néeSS§F996ﬁe8ndoﬁuFH@95ﬂﬁ¥Qﬁ(%ﬁ%ﬁaQ%9%ﬁfcﬁﬂ%ct in the third
I[ ens_group, the &ald@vé Nge qondid 1R gFBLAWR: b fd S e dhe bt £ b1 F31/13
axis during power variaticns in this order froman object side,
wherein;
10 the third lens group is made of a front group and a rear
group with an air space interposed between the front group
and the rear group; and
when fl denotes the focal length of the first lens group,
f2 denotes the focal length of the second lens group, and y
16 denotes the diagonal length of an image pickup plane, the
following conditional Formulas are satisfied:
1.3 < | f1/y [ < 3.6
1.1 < f2/y < 2.0

20 >. The electronic apparatus as citedinclaim4, wherein;
when £3 denotes the focal length of the third lens group,
the following conditional Formula is satisfied:

1.6 < | £3/y | < 3.4

25 6. The electronicapparatusascitedinclaim4 or 5,

wherein;

when £31 denotes the focal length of a lens positioned
on the side closest to an object in the third lens group, the
following conditional Formula is satisfied:

0.6 < | £31/£3 | < 1.5
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