,e3e@l ~z6. T- 1 | MAGE PI CK-UP LENS, | MAGE PI CK-UP UNI' T, AND MOBI LE TERM NAL
PROVIDED WTH THI' S | MAGE PI CK- UP UNI T BACKGROUND OF THE | NVENTI ON The
present invention relates to an inage pick-up I ens which is preferable as
an optical systemof a solid-state inaging elenent such as a CCD type inage
sensor or a CMOS type inage sensor, an ikmage pick-up unit having the inmage
pi ck-up lens, and a nobile termnal provided with this imge pick-up unit.
Recently, follow ng the technical advantages-offering, and size reduction
of an image pick-up device using the solid-state imging el enent such as
CCD ; Charged Coupl ed Devi ce)type i mage sensor or CMOS (Conpl enentary Met al
Oxi de Sem conductor)type i mage sensor, a cell phone or a personal conputer,
provided with the image pick-up device, is spreading. r 2 Then, follow ng .
an increase of the high density by the size reduction of these cell phone
or personal conputer, or an increase of functions, a request for nore size
reduction of the inmage pick-up | ens nounted on the inage pick-up device is
enphasi zed to intend the size reduction of these i mage pick-up devices. As
such an image pick-up lens for a snmall size inmage pick-up device, an inmage
pi ck-up lens of 3-lens conposition in which, in an order fromthe object
side, the first lens having the positive refractive power, the second | ens
havi ng the negative refractive power, and the third | ens having the
positive refractive power are arranged, recently becones common, fromthe
reason why techni cal advantages can be nore easily offered than. one or
2-1ens conposition imge pick-up I ens. Such an image pick-up | ens,

so-cal |l ed i t L.onge_pi Gk- ens, .1.s..di oS in the patent
docunent Jﬁh%ééiééﬁK_ %ﬁ%% ’1}ﬁ%%§k kaBBEZHgi?YS .MﬁgﬁégngRgﬁpﬁGUgh an
i mage pick-up lens of_a type which is witten in Patent Docunent 1, is a
type in. which a mﬁdé939%ﬁgﬂ%ﬁ@¥%ﬂi§H§%CE¥%9EaﬁHC§bHPrHFFEns are finely
corrected, on the one hand, it is not suitable for a size reduction of the
whol e I ength of the imge pick-up lens (a distance from z the nost object
side surface of the whole inmage pick-up I ens systemto the image side foca
poi nt). SUhR~I ARY | n vi ew BACKGROUKD pdBbIBE INMENPIENent | nvention provi des
a 3-lens conposition image pick-up lens, inmage pick up unit, and nobile
termnal, in whirghprehidi: iinvddnh @i Sedd 8itd ypes thani g gonyentigpal L ype,
aberrations are finely corrected. Herein, in the present 1nvention,

rel ating iodh seale: d asy bhe. sl L, type; Limoe, pigk-yp Lens; ;a-izg.reduction

of alevel to satisfy a followng conditional expression, is aifed. Wen
this range s satisfjed, fhe whole gth of .the lens can be r ed, and
geonet r i c?ﬁ'a@l tgﬁeé o”unkeg?t d%%cferhetaeér) %féﬁew%%sl%%%e af§9°8e %dﬁcggggTher eby,
t he sizetgnd wei ght reduction of the whol e inage pi ck-up devi ce becone
possi bl e."4HDVEYS ST et 61298 Pof STARCRIDA PREIBEt LRSI 1BRPE from the
obj ect side surface of the first lens to the inmage side focal point of the
whol e i maye Ko k-1 9 e & yas el L Dey: bt hoopvaddilagohhl thineinhgehe
i mage pick-up surface of the solid-state inmaging element (a diagonal line
4 | engt h ofchHwe rwcittangl e ef fective pixel area of the solid
Recently, following the technical advantages-ocffering,

and size reduction of an image pick-up device using the

solid-state imaging element such as CCD {Charged Coupled

Device} type image sensor or CMOS (Complementary Metal Oxide

Semiconductor)type image sensor, a cell phone or a personal

computer, provided with the image pick-up device, is

spreading.



state, imaging element). Herein, an inmage side focal point neans an i mage
point when a parallel ray of light parallel to the optical axis is incident
on the lens. Furthernore, when, between the nost image side surface of the
i mge pick-up lens and the image side focal position, an optical |ow pass
filter, infrared ray cut-filter, or a padrallel plate such as a seal-gl ass
of a solid-state inmaging el enent package are arranged, a value of the above
L is calculated when the parallel plate part is nade as an air- conversion
di stance. Further, nore preferably, it is a range of the conditional
expression of the following (8). L/2Y <1.30 t8) A structure witten in
item1 is an i e pi cks | ens_which consists, of,. in order . fromthe object
side, the first Tens ﬁ%%f%@l?%ea%oé??Feﬁs?e?%aEngBlggmgﬁPséﬁa Yo driFex
surface is, faced to the object side, an aperture stop, the neniscus-shaped
second | ens? habFRGCEhen posi ENG8Sr 6RLACPRBepERePeLaRl A EORPEL ST flte | s
faced to the image side, and the third I ens having the negative refractive
power, antdalkoneave sfrfavetisnfacedrequehé ifmegaocgkedelzandealustiwot ure in
whi ch, when a focal length of the first lens is fl, the 5 focal |ength of
t he whol ecf nelge pheke upitenaspsystembantedand Ahbe'isagemeerkefupt hiefidest

| ens vl, Abbe's nunber of the second | ens v2, and Abbe's nunber of the
third | enssvénphhei goadibi onabnexpnessienas refiuthechoblrowhage( thaapd (2) are
satisfied, is applied. 0.8 < fl/f <2.0 (1) 20 < ((vl +v2)/2} - v3.< 70
(2) Accop&ig@L&§ fbe;structure witten in item1, because it is a so-called
tel ephoto type 1ens construction in which, in order fromthe object side,

t he positive | %%ﬂygacql osed ofkghe irst_.lens and Ehe.second | er s and
the third |ens ih Whieh' Y e cOncave  sur face’i 5°F aded ™t o t Re“FnalE%Si de, are
arranged, jt_is qﬁvantageous,for the size reduction of the whole | ength,
and the aberFat? oFEEARE bedRi HBRYE cBE FETEBdIeMRaP i ST 1EBF CRELEBE &N on
correction, because the positive refractive power is allotted by the first

| ens and ¥he"REeondiPens, O¥per géhenathencbf echesspher téal fabetr dgiron or
coma can be suppressed. Further, the aperture stop is arranged between the
first | ensaantbes seeonditensefandtbeeapseetrhethier skcbads lkas hhe islkape in
whi ch the convex surface is faced to the object side, and the second |ens
has a nenilseusesghiapes | nefhhchitBepenByeXasur taeethsrhacedst Batheg the

positive refractive powser are arranged, recently becomes
commorn., from the reason why technical advantages can be more
easily offered than one cr 2Z-lens composition image pick-up
lens. Such an image pick-up lens, so-called a triplet type
image pick-up lens, is disclosed in the patent document 1.
[Patent Document 1]

Tokkai No. 2001-75006.

However, although an image pick-up lens of a type which
is written in Patent Document 1, is a type in which a wide
image angle is secured and aberrations are finely corrected,
on the one hand, 1t is not suitable for a size reduction of

the whole length of the image pick-up lens (a distance from



6 image side, it is the structure in which the lateral chromatic aberration
or distortion aberration is easily corrected. Herein, the conditional
expression (1) is an expression which regulates the refractive power of the
first lens. Wien it is less than the upper |imt value in the expression
(1), the positive refractive power of the first |lens can be appropriately
mai nt ai ned, and the size of the whole I ength of the inmage pick-up | ens can
be reduced. On the one hand, when it is upper than the lower limt val ue,
the refractive power of the first lens is not too |arge than the necessary
~one, and the higher order spherical aberration or cona whi ch generates in
the first %ensb can_be suEEressed smal | grther referably, a val ue
of f1/f of tHE°EbndP?FEhafi8gkprBESFGA Pf) § ﬁﬂ%ﬁ%enlﬁl Snge O Urhelens

condi tional expression of the follown . 0.8 <fl/f < 1.65 (9) Further,
the condi $Y®haP BRpFessiBATE2Fifs §O§égdppﬂéﬁ 'which finely corrects the
chromatic aberration of the whole imge pick-up | ens system Wen it
exceeds the lower Iimt in the expression (2), the axial chromatic
aberration, lateral chromatic aberration can be corrected with a well

bal ance. Furthernore, when it is | owsuMMaRy t he upper [imt 7 value in
the expression (2), lens materials which are ac~ually not suitable can be

excluded. Fur theg v 1@y & pr ol eh 3l yr o ¥l Uenf ptbecRoNdhikaApalReXpr essi on
(2) is within a range of the conditional expression of the follow ng (10)

25 7 h h i

doscr | bedh o%é.giaaﬁﬁ%%s??&é%ﬁwh ShRoRoRaLIE LS ens ssamonien =
t t | f f t .the t f

oroauct i o BTbh viBH FRE:oft FeArRRte o7 SACRTY eHEIRE desamored i Vith a

m nut e anpunt devi ation fron1the sane straight line, there is also the
effect t hafP helfhogeCaRYRRF bPBAT ohVREY APy gERGAAREs 2rand18d Y ens

per formance can be appropriately maintai ned. BRI EF DESCRI PTI ON OF THE

DRAW NGS #pygredt¢d. a perspective -view of an inmage pick-up unit which is an
enbodi nent of the present invention. Fig. 2 shows a typical secticnai view
in a cross sectiommeimgcl idi nige apropéhtainaxnsiof, eashakens eb thedamege

pi ck-up unit which is an enbodi nent of the present invention. Fig. 3(a)

shows a frentcve e;wtl@ilatﬁgéel iRk @eﬁiekwapcmeh@e bMBge ePi-GkrUR i tod S
applied, and Fig. 3(b) shows a 8 view of the cell phone to which the

i mage p'Cfe%@l“@btsé§igfglEegolfbglné Fanal%Qekgﬁlngqg%SQBﬂgfﬁglof the

cell phone of Fig IS an e anatory view Showing thé’l ens

?g;ﬁg??gﬁ ta'%erra F%hqju' Fug§ 6(a) %%%%%gnd g%%?v@%f%ﬁ gﬁégﬁ gnﬁ €coma)

cf exanpl e ) ,
lens can be reduced, and gecometrically the outer diameter of

the lens can also be reduced. Thereby, the size and weight

reduction of the whole image pick-up device become possible.
L/2Y < 1.50 (7}

Where, L: a distance on the optical axis from the object

side surface of the first lens to the image side focal point

of the whole image pick-up lens system,

2Y: a length of a diagcnal line of the image pick-up

surface of the solid-state imaging element (a diagonal line



Fig. 7 is an explanatory view show ng an i nmage pick-up | ens arrangenent of
exanple 2. Figs. 8(a), 8(b) and 8(c) are aberration views (spheri cal
aberration, astigmatism distortion aberration, neridional com) of exanple
2. Fig. 9 is an explanatory view show ng an i mage pick-up | ens arrangenent
of exanple 3. Figs. 10(a), 10(b) and 104c) are aberration views (spherical
aberration, astigmatism distortion aberration, neridional cona) of exanple
3. Fig. 11 is an explanatory view showi ng an i mage pi ck-up | ens arrangenent
of exanpl e 4. 9 Figs. 12(a), 12(b) and 12(c) are aberration views .
(spherical aberration, astigmatism distortion aberration, neridional coma)

of exanple 4. Fi 3 is an explanatory, view show ng an_i e piLck-up lens
O angone T dinie ORI GALe T brC it oY 1 hg TAEE) Ofr BREbERAEron vi ovs
(spherical aberration, astigmatism distortion aberration, neridional coma)
of exanpl%H:¢ DEBYIED DESTRHPTI ON OF THE EMEQDI MENT Preferabl e structures
of the present invention will be described below A structure witten in
item 2 has the Heameirst rauctivrsgyeass iate | fagel piekaupnéens ani thegei poitem 1,
and when a focal length of the third lens is f3, the structure in which the

condi ti onalerexpressioe Ofrdhesf ol { gt ngaf3) 165 sattBéi egricslappliceds -1.5
< f3/f <-0.5 (3) According to a structure witten in item2, the

condi ti onalci@xessl o d ek eoulmtas d e Fef nacdd Ve, Pavein ofnd heodhird
|l ens. When it exceeds the lower limt value in the expression (3), the

and the. STE97 it i DR S oL ht e PErE e of e PReA Gl o™ "

correction of the off ax'.s aberratjons such as curvature of field or

i Stor i G- EberTats oif S Habbo 11 reh Y Cohdlceass onF1 hbcbhe’ RARA: iR Y
cut-filter, or a parallel plate such as a seal-glass of a
solid-state imaging element package are arranged, a value of
the above L is calculated when the parallel plate part is
made as an air- conversion distance.

Further, more preferably, it is a range of the
conditional expression cf the following (8).

L/2Y < 1.30 (8)

A structure written in item 1 is an image pick-up lens
which consists of, in order from the object side, the first
lens having the positive refractive power, and a convex
surface is faced to the object side, an aperture stop, the
meniscus—-shaped second lens having the positive refractive
power, and a convex surface is faced to the image side, and
the third lens having the negative refractive power, and a

concave surface is faced to the image side, and a structure

in which, when a focal length of the first lens is f1, the



It is lower than the upper Iimt value, the negative refractive power of
the third lens is not too |arger than the necessary one, and there is no
case where a light flux inage formed on a peripheral portion of the inage
pi ck-up plane of a solid-state imging elenment is too much | eaped up, and a
securenent of the telecentric characterPstic of the image side light flux
can be nade easy. Herein, the inage side telecentric characteristic neans
that, after a chief ray of light of the light flux inage fornmed on the

i mge pick-up surface of the solid-state inaging elenent is projected from
the lens final surface, it becones al nost parallel to the optical axis, in
ot her worgds,_ the exi.t pi,l pasition of the jmage,pick-up,lens is fully
separate ‘?%%%n %&9?%ﬁg§ ERﬁfé&%ﬁev%%%g?h%l?%nge%EPchggg?gcfgr'ét?gd
becones poor, the light flux is incident on the solid-state i magi ng el ement
froma slédme'di regtleon, ohindia Shasli ngephenhbneliopeby whikkhr Ph the '

peri pheral portion of the image pick-up surface, a practical aperture

ef fici encyedsndendgased, 4 genesal eghuddd shecReripiesal «hight, appynt
beconmes insufficient. Accordingly, the inage side 11 tel ecentric

characteristic is necessary characteristic for an.,ina Lck-up | ens
Using t he TG-St et ST erent s ASTFGET 6 (041 LE8n Ph FE8m 3 has
the sane structure as an inage pick-up lens witten in item1 or 2, and
when a cuidattredadius2HFL11$d- i nage side surface of the second lens is R4,
the structure in which the conditional expression of the followng (11) is
satisfied, is &ppliedl L 5 <G R4~/f < 0.40 (11) Acktbrding to a structure
witten in item 3, the conditional expression (11) properly regul ates an

absol ut e val ue 2af < hepvaurvatyr/e yr adivas <of;pan 1 mage(sj de surface of the
second lens. Wen it exceeds the lower Iimt value in the expression (11),

t he refractiveﬂ%ﬁgydi tﬁ@ihﬂpgﬁnﬁgn f%”$§$ of {%e%§§ﬁ8?3_$g9§u%é not

too |l arger than the neé%ssary one, coma flare o axi s rght
fl uxes and_ barrel cﬁgt rt%onlﬁrg?sggpresse . Furthg nnrﬁ Ln.vieﬁpoé t he
| ens processihg The @%p‘?‘ SSTOTP TS Al 58 pref Ry abPa® bedats8 t he EurVature of
the second surface is not too snmall. On the one hand, when it is |ower than
the upper't iTH4eNaliR" %He PGt Ve pore? BPSthEVEut$RPUPECHEdI us of the
i mge
composed of the first lens and the second lens and the third
lens in which the concave surface is faced tc the image side,
are arranged, it is advantageous for the size reduction of
the whole length, and the aberration can be finely corrected.
That i1s, for the aberration correction, because the
positive refractive power is allotted by the first lens and
the second lens, the generation of the spherical aberration
or coma can be suppressed. Further, the aperture stop is
arranged between the first lens and the second lens, and
because the first lens has the shape in which the convex

surface is faced to the object side, and the second lens has

a meniscus shape in which the cconvex surface is faced to the




side surface of the second | ens can be adequately naintained, and the
various off-axial aberrations generated in the third |ens wth negative
power can be corrected with a well 12 bal ance. Mboreover, a securenent of
the telecentric characteristic of the inmage side light flux can be nade
easy. It is nore preferable, when the follow ng conditional expression is
satisfied. 0.18 < IR4~/f < 0.30 (12) A structure witten initem4 is
provided with the sane structure as the image pick-up lens witten in item
1, and a structure in which the first lens is a nmeniscus shape in which the
convex surface is faced to the object side, is applied. According to the
structure witten in item4, the shape of . the first, |lens _and.the second
Tens i 5 oLt M Eal L SHabeF RO BpBrt iPe8tGh bBPwAaHeEAdm and the
spherical aberration or coma generated in the first lens can be nore finely
corr ect ecF IR et | 2R3 T BeltbPesO ¥ nél $EPHkt tRe2 BT RALEANt AE PEFErHl chromatic
aberration or distortion aberration of the whole inmage pick-up | ens system
can be not&E %eie4qd. corrected. A structure witten initemb5 is provided
with the sanme structure as item1, and a structure in which the third | ens
IS a neniscus Slape.n,n e clortdie: tanclhvex stk acen | §1 f acedah oskbeesahge
side, is applied. 13 According to the structure witten in itemb5,

because tuiel dli ¥yl BitSe 4 Stige B S£LS1 $HaPSwE A WA €het RErgONCANE sufiace is
faced to the image side, the main point position of the third I ens can be

moved to iihe;d mge. sie, and whlle theilensubole LROOLLoOLSLhe Whele |mage

pi ck-up lens systemis reduc a sufticient ocus ca e secured.
Furt her, é%eec ssei@i%eg;l[ﬁ]ggls betwe&rrle%hgfs ﬁgngi!:e s.and the Bhi rd lens is

bot h concave ‘shape, S %%%Y?i%e refractive poS r}e?ﬁecggcu?enent of the

"~el ecentric characteristjc of the Iight flux i mge-forned on_the ina%e
pi ck-up SUHRHERF e phetad Mgt e on H#<t Hae sot 78-St abBei WRGL Rg8PEMEnP can
be made easy..

the image pick-up lens can be reduced. On the cne hand, when

it is upper than the lower limit value, the refractive power
of the first lens is nct too large than the necessary cone,
and the higher order spherical aberration or coma, which
generates in the first lens, can be suppressed small.
Further, more preferably, a value of fl1/f of the conditional
expression (1} is within a range of the conditional
expression of the following (9).

0.8 < £f1/f < 1.65 (9

Further, the conditicnal expression (2) is a condition
which finely corrects the chromatic aberration of the whole
image pick-up lens system. When it exceeds the lower limit
in the expression (2), the axial chromatic aberration,
lateral chromatic aberration can be corrected with a well

balance. Furthermore, when it is lower than the upper limit



A structure witten initem®6 is provided with the sane structure as any
one of itenms 1 - 5, and the inage side surface of the third lens has a
structure in which, when the apex of the inmage side surface is an origin,
the X axis is defined in the optical axis direction, the height along the
direction perpendicular to the optical axis is h, i-order aspherical
coefficient of the inmage side surface of the third lens is A, radius of
curvature of the inmage side surface of the third lens is R6, and conic
constant of the image side surface of the third lens is K6, the aspherical
surface displacenment X expressed by the follow ng expression (5) and 14
t he di spl acenent of rotational quadric_surface conponent XO of the
asphericéﬁﬂ§ﬂﬁFﬁ%éjgipﬁ%%%ﬁﬁﬁ%Wnth%)foi?%ﬁﬁﬁ@t§§ﬁg£§sWthb6?r§atisfy t he
conditional expression of the following (4) in a range of height h in the
ar bi t rar 2®ptalcdal mod ss\perdeheli cah ape derectileod . wiieit ecomesrdimax x 0.7 < h
< hmax, to the maxi numeffective radius hmax. X - XO< 0 (4) h~ 6 X 1+

1- (1+K6) h2/eRbzealAle, 4 Hahze 60f tXO=ddndi{14KB8) hekBbzstipnEepei hs an apex
of the imge side surface of the third lens is defined as an intersection
of the inpggisi de siHdACEr anth then@PE163k1 aXkpre A6€OHAbROLHE FRE1SLE UGt Ure
witten in item®6, when it is nade an aspheric shape which satisfies the
condi tionglgpyexpression (4), because the shape of the third |ens inage side
surface is a shape in which, as it is separating fromthe optical axis and
going to the periphery, the _negative refractive power grows weak,
(furthernore, éESﬁhdé% aﬁiﬁé)éﬁ}iﬁTW§cfi8H point i ht%hich, while it is a
concave surface shape in the vicinity of the optical axis, it becones a
convex surface Tstrape 1.n hdvayser i Phera@nporeiprgitide as 1éesecibbedent of the
telecentric characteristic of the Iight flux inmage-fornmed on the inmge

pi ck-up surdacel Pper iqhered i posi il i dde sotufe ShateignBliyNYaebenent can
be nmade easy. A structure witten in item7 is provided with the sane
struct ur edddritdernidy amy onsh @ of eBel 1e0s, aRdracShhpelUr€t the time

of mass production, even when the coptical axis of each lens
is assembled in with a minute amount deviation from the same
straight line, there is alsc the effect that the image
deterioration hardly generates, and the lens performance can

be appropriately maintained.

EBRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of an image pick-up unit
which is an embodiment of the present inventicn.

Fig. 2 shows a typical sectional view in a cross
section including an optical axis of each lens of the image
pick-up unit which is an embodiment of the present invention.

Fig. 3({a) shows a front view of a cell phone to which

the image pick-up unit is applied, and Fig. 3(b) shows a back



In which the first lens, second lens, and third I ens are fornmed of the
plastic material, is applied. According to the structure witten in item7,
when the first lens, second lens, and third lens are structured by plastic
| enses produced by the injection nnlding, even when they are | enses whose
radi us of curvature or outer dianeter is small, the nmass producti on becones
possible. That is, recently, the size reduction of the whole solid imge

pi ck-up device is ained, and even when it is a solid-state inaging el ement
of the same pixel nunber, the pixel pitch is small, and as the result, a
solid-state imagi ng el enent whose i mage pick-up surface size is small, is
devel oped.. l.n c n_jLag i ckzup len r the soli.d-stat a.imging
el enent %%% ?ﬁag%gp?%g?u%hgﬂ?fggewé%gg %gesﬁgﬁﬁ? Béggﬁgg it L ecessary
that the focal |ength of whole systemis nade proportionally short, the
radi us of? ¥&fure or outer dianeter of each lens is consi derably small.
16 Accordingly, processing becones difficult in the glass lens which is
produced by the&gnl ishinhg proeesst ngloFlrdhegranhed ehehckéhsprhentopded of
the plastic | ens produced by the injection nolding, the aspheric surface
form ng becpnes. easy, and the aberration correction can be finely _
conducted. Herein, as a |lens which can be conparatively easily produced
even when it isigy smalds dianeterahensr v theerdopbi0Rgotna gkass nold lens is
al so consi dered, however, generally, in the glass m%ose gl ass transition

poi nt (THriSndd@dhtidci sORceSSary that the press tenperature when the
nol d press is conducted is set high, and the wear and tear are easily

generated in the Iq%a% di@u%fsaﬁ@e (fiu££er%8grg%gyg£ gf replacing tinmes
n i ng di

- 12w
or the nunber of I nt enance tines o e no e’Ts |%c?eased,

resulting, in the cost-ur. Further, a phrase of "formed of the plastic
naterialg(ﬁﬁﬂﬁ%ﬁﬁggpdﬂ@%gﬁaﬁh%?e ?ﬁﬁlﬁﬁﬁgﬁ?%'ng%éFpﬁFng ﬁﬁaérégﬁgge

material, and jnorganic fine particle is mxed in the plastic naterial, or
a case wi¥e Trr3IhProkedsigereleohduct ed for the purpose of the
reflection prevention or an increase of surface hardness. A structure
witten in itedig s/ tihe dmagaepick-epy uniewi shohich aheisayedpstatep
i mgi ng el ement having the photo
lens arrangement of example 2.
Figs. B{a), B(b) and 8(c) are aberration views
(spherical aberration, astigmatism, distortion zberration,
meridional coma) of example 2.
Fi1g. 2 is an explanatory view showing an image pick-up
lens arrangement of example 3.
Figs. 10(a), 10{b) and 10(c) are aberration views
{spherical aberration, astigmatism, distortion aberration,
meridional coma) of example 3.

Fig. 11 is an explanatory view showing an image pick-up

lens arrangement of example 4.



17 electric converting section, image pick-up lens witten in any one of
items 1 - 7 for image-form ng the object inmage on the photo-electric
converting section of the solid-state i mging el enent, substrate having
termnals for external connection which holds the solid-state inmaging

el ement and conducts the sending and refeiving of the electric signal, and
housi ng having an aperture portion for the light incidence fromthe object
side and forned of l|ight shielding nenber, are integrally forned, and a
structure in which the height along the optical axis of the imge pick-up

| ens of the inmage pick-up unit is not larger than 10 mm is appli ed.
According to the str re Ltten_in | 8. _when _any._one inmage pick-up

|l ens witten igﬁV%%h;ﬁ%H%)7Y{%gbﬁs%%? %%gc n%ﬁ% %E%Eyﬁ laﬁiylsggvided W th
advant ages_such, as nore size reduction and an increase of the high inmage
quality cg?P}b%“o‘B%Jai o T &b PRer 2551 PRRRS &0t dL55REEGPE FEEETSN 8 t he

| i ght incidence" is not necessarily Iimted to a portion formng a space
such as &9l @l ot ¢@m@éf©ﬁe@X@@pg§eékfy a portion in which an area which
can transmts the incident light fromthe object side, is fornmed. Further,
a phrase of "thHe.dweilghtialangibheaoptocal vaxivssbbwihge emageapeckigp-bens of
the i mage pick-up unit is not 18 |arger than 10 ' is defined to nean
the whol el de1gd fr ah @aget hec opbke@b1axbs direction of the inmage pick-up unit
provided with the above-descri bed whol e structures. Accordingly, when, for
exanpl e, the housing 16(provided) omghes f£onk sukface,ef Lhe;sybstrate and
the electronic parts are installed on the back surface o? the substrate, it
is assune : i e fro ing.e ortiqgn which is the

obj oot ot PR et rotet B ERr L AR dRal g e ga  LOF i8R GPeRE arEct r oni ¢
parts which otrudes on the back surface, is not larger than 10 mm A

nobi | e té??ﬁ#ﬁﬂo%@}t?%%aino t B8P ﬁoéts the structure cahich is provided
with the image pick-up unit witten in item8, According to the structure
witten in item9, when the inmage pick-up unit witten in the item8 is

nount ed, the
, DETATILED DESCRIPTION OF THE EMBODIMENT

Preferable structures of the present invention will be
described below.

A structure written in item 2 has the same structure as
an image pick-up lens written in item 1, and when a focal
length ¢f the third lens is £3, the structure in which the
conditicnal expression of the following (3) is satisfied, is
applied.

-1.5 < £3/f < -0.5 (3)

According to a structure written in item 2, the
conditional expression (3) regulates the refractive power of
the third lens. When it exceeds the lower limit value in the
expression (3), the negative refractive power of the third

lens can be adequately maintained, and the size reduction of



.above-descri bed size reduction, weight reduction are intended, and the
nobi |l e term nal cahich can conduct the imge pick-up of the high inage
quality, can be realized. A structure witten in item10 is an image

pi ck-up |l ens which consists of, in order fromthe object side, the first

| ens having the positive refractive powdr, and a convex surface is faced to
the object side, an aperture stop, the neniscus-shaped second | ens having
the positive refractive 19 power, and a convex surface is faced to the

i mge side, and the third I ens having the negative refractive power, and a
concave surface is faced to the image side, and a structure in which, when
a focal |eng the first ns is fl focal length of the thi lens is
13 and ¢ FEH GRALY dRGFHOIOS HESATE | Hrige- I CROTEF T ehesg5t chri 851, ¢ he
condi tional expressions of the following (21) and (22) are satisfied, is
appl i ed. 38 eepfdony W) ag GrgPIFe of oflsewztyrAeé%Farﬁgoeo t he
structure witten in item 10, because it is a so-called tel ephoto type |ens
construcﬁhﬂrﬂatiMﬂAﬂﬂaﬁrbqnﬁkneﬁycnnmimﬁtﬁﬁecﬁksﬁmﬁ arive ol t iwkeen ens
group conposed of the first lens and the second lens and the third lens in
whi ch t he tcdncaveresurdrate s figgedt tointhe vange, stide, nagetaveanged, it is
advant ageous for the size reduction of the whole I ength, and the aberration

can be fimnelsgaLeietdr Batcis, t{oFg they abes rabt oRo 6§01 5L L OPRaRecRESe
t he posrtrve refractive pomer is allotted by the frrst | ens and the second

| ens, f%§3a6§${Q910f éH!FE'Q@'<?Q§££@t faglgg gﬂgﬁgessed.

Further ure ‘stop is arranged betmeen t ens an
second I d because the fijrst Iens s, t he, sha%e |n whi ch. t he convex

20 surf ac® TE Y &lod &5 THE O =51 ! dt%e”&%% G T Kne® HESA4° i scus

shape in which the convex surface is faced to the image side, it is the
struct ur & ISP af atte IaE Cifieinl i € abe? ratFbnt %?p%@SF%rt?%ﬂ a

aberration is easily corrected. Herein, the conditional expression (21) is
an securement of the telecentric characteristic of the image

side light flux can be made easy.

Herein, the image side telecentric characteristic means
that, after a chief ray of light of the light flux image-
formed on the image pick-up surface of the sclid-state
imaging element is projected from the lens final surface, it
becomes almost parallel to the optical axis, in cother words,
the exit pupil position of the image pick-up lens is fully
separated from the image surface. When the telecentric
characteristic becomes poor, the light flux is incident on
the solid-state imaging element from a slant direction, and a
shading phenomenon by which, in the peripheral portion of the
image pick-up surface, a practical aperture efficiency is
decreased, 1s generated, and the peripheral light amount

becomes insufficient. Accordingly, the image side



expression which regulates the refractive power of the first lens. Wen it
is less than the upper limt value in the expression (21), the positive
refractive power of the first |l ens can be appropriately maintained, and the
size of the whole Iength of the image pick-up |lens can be reduced. On the
one hand, when it exceeds than the lowerl limt value, the refractive power
of the first lens is not too |arge than the necessary one, and the higher
order spherical aberration or conma, which generates in the first |ens, can
be suppressed small. Further, the conditional expression (22) to regul ate
the refractive power of the third Iens. Wien it exceeds the lower limt in
the expression (22), the negative.refractive power of the_third.l ens_can be
apbr opr | St S R R i G SR ARG | 25 FeHBEEE SRESr SPRESGHGRA T dgthof

| ens and the correction of the off-axis aberrations such as the curvature
of field ¥ HaTdriich abet?ati vhitantbe FPhefySEdRBUEPBEINT 21eBRTEhe cne
hand, when the setting is nmade so as to be |lower than the upper limt val ue
of expression @Atrudeitegeativieen efn actéwes ponertlot sampet htbrdciens &8 not
too |l arger than the necessary one, and there is no case where the |ight
flux i mage: fionaresl pick-hep i vage prikeap souriaee peorpber ahdpahtnoa of the
solid-state imaging elenent, is too nuch | eaped up, the securenent of the

t el ecent rqerehafact €44 shd Copf thbei hagges shdeshikghtef bextgansbeonndeaasy.
Herein, the inage side tele-cetric characteristic nmeans that, after a chief

ray of |ightapf ihe LLoht {}ux, | npgech orfedanat heol qRog. B cksup suef ace of

the solid-stat'e inaging elenent is projected fromt Inal surface,

it becones. al t par al to the optical axis, in qgther words, the exit
pupi | post %dﬁyg O%#&Sihﬁ%% b?c?qﬁbg%b%§’i§5fﬁpP%l§ parated from the i mage
surface. Wen the telecentric characteristic becomes poor, the light flux
i s incident on4He Soliftfisthate Qﬁﬁbing(é@énent froma slant direction, and
a shadi ng phenomenon by cahich, in the peripheral portion of the inage

pi ck-up surfac@&Cepshidrd itcala apertaierefficieney-n sldeer éasklds is
generated, and the peripheral |ight amount becones insufficient.

Accor di ngtgnditieonaagecsidest@h eCehl rpcoghatactegudttesi snaanecéssary
characteristic for an inage pick-up |l ens using the solid-state inmaging

el ement. valz: Rt tther , checatse: t hedl easc eoapOshiheNsag=degerkbedog@baye is a
conposition which can secure a slightly large eccentricity all owance of

each | enssedig exaipl eyral the &R of mass producthon. emen whemd he
optical axis of each |ens

expression {11), the refractive power cof the image side
surface of the second lens is not too larger than the
necessary one, and ccoma flare of the off-axis I1ight fluxes
and barrel distortion are suppressed. Furthermore, in view
of the lens processing, the expression is alsoc preferable
because the curvature of the second surface is not tcoo small.
Cn the one hand, when it is lower than the upper limit wvalue,
the refractive power of the curvature radius of the image
side surface of the second lens can be adeguately maintained,
and the various off-axial aberrations generated in the third

lens with negative power can be corrected with a well-



Is assenbled in wwth a mnute anmount deviation fromthe same straight |ine,
there is also the effect that the inage deterioration hardly generates, and
the |l ens performance can be appropriately maintained. A structure witten
initem 11l has the sanme structure as an inmage pick-up lens witten in item
10, and when a curvature radius of the lizrage side surface of the second
lens is R4, the structure in which the conditional expression of the
following (31) is satisfied, is applied. 0.15 < ~R4~/f < 0.40 (31)
According to a structure witten in item 11, the conditional expression
(31) properly regulates an absolute value of the curvature radius of an
i mage SiQ§ urface of the second |ens. Wen_it exceeds the lower |limt
val ue in TheeXpr eSGTGPERY) 2 tHREFeATHEL i Ve Honer € 0F T et fmge si de
surface of the second lens is not too |arger than the necessary one, and
coma fl ar@oiathr biflaxPs ThghineuaxesdandiBhEr éLudi sa8r PRoOR2EEe aSY -
suppressed. Furthernore, in view of the |ens processing, the expression is
al so prefkr abt encr2Ppbefavskel ¢ hewbenvahar Ecodlowhagsecoddtdontdce is not too
small. On the one hand, when it is |lower than the upper limt value, the
refracti vecpoyesriof ihessutyatatie radius of the inmage side surface of the
second | ens can be adequately nmaintai ned, and the various off-axial
aberrations gengrafed igythe £hirghlengipyth negative power can be
corrected with a well balance. Mreover, a securenment of the telecentric
characteristic ,of_.t i ' i ght. X, C e [ re
pref erabl e, mhé%:%he ‘% oﬁf%EQQ%% I i%%%# %x%?é@g?gﬁggg gg Ps#bgdga .18 <
~R4~/f < 0.30 (32) A structure witten i iten11% is provided.w th .the sane
struct ur & BT HET ke BY cKITES | BhS ubPt L BRST K FEGRT 167 ARdTa st ASt dre in
which the first lens is a nmeniscus shape in which the convex surface is
faced to $He'objeettsi el sthppFiedt g@%%raﬁn@ F8{AEUSt FhePGré™written in
item 12, the shape of the first lens and the second lens ,is a symetri cal
shape wi t#him apes tapev st opubetWeehst henpdahd the sphertcalbdabedeati on or
coma generated in the first |lens can be nore finely corrected.

applied.

According to the structure written in item 4, the shape
of the first lens and the second lens is a symmetrical shape
with an aperture stop besitween them, and the spherical
aberration or coma generated in the first lens can be more
finely corrected.

Further, it beccmes the structure by which the lateral
chromatic aberration or distortion aberration of the whele
image pick-up lens system can be more easily corrected.

A structure writfen in item 5 is provided with the same
structure as item 1, and a structure in which the third lens
is a meniscus shape in which the concave surface is faced to

the image side, is applied.



24 Further, it becones the structure by which the lateral chromatic
aberration or distortion aberration of the whole inage pick-up | ens system
can be nore easily corrected. A structure witten in item 13 is provided
with the sanme structure as item 10, and a structure in which the third | ens
is a meniscus shape in which the concavs& surface is faced to the inage
side, is applied. According to the structure witten in item 13, because
the third lens is a nmeniscus shape in which the concave surface is faced to
the image side, the main point position of the third |Iens can be npved to
the image side, and while the | ens whole | ength of the whole inmage pick-up
| ens systemis reduced, a sufficient back-focus can be secured. Further,
because an ai r A%HRE Bétdwdeh e SleetndTenstahtcthe t hi$8 Pen8eF&ipst h
concave shape, by its positive refractive power, the securenent of the

t el ecent rtifee dHeErzktlgnstie afmemestighshépaxinnmabechorthedconcalie ' - nage

pi ck-up surface peripheral portion of the solid-state inaging el enent can
be nmade easyfadk sty utdax@ woitheninageteitidd tsepmevhdpdinkt hosheisanme
structure as any one of itens 10 - 13, and the inmage side surface of the
third | enst has astractan e ¢dn W chovadlienot bee apexgef st he, i ARgewslide
surface is an origin, the X axis 25 is defined in the optical axis

directio i Al e di t e i cul.ar,.fo ieal axis

s e | o er ASpa Al LRI 2 ent of "Che TRage Srac Shriace of ‘TRE thira

lens is A, radius,of curvat ur e of the L é%$e surfgceegf the third lens
su

i s R6, aﬁﬁgégﬁﬂ%x%%n§?dﬂf o%c%%%ti%%%% s?%gg a%% OF “t'he&“third lens is

K6, the aspherical surface displacenﬁnh X expressed 8% the follown
expressi on (25)F Hridi&he Rfi Shtstc dferitl oL §0t dtT ofaF! qud@r FRCLRT T AgRS
component XO of the aspherical surface expressed by the follow ng
expr essi oi'd Z8)e sErind ylehe ol opancexprebaPen BY £he PBFL6WRg (24) in
a range of height h in the arbitrary optical axis perpendicular direction
whi ch beconesadimaxe o Ovdr < th dmexyement hef nekemoeieféettive radi us hnmax.
X- XO0<0

characteristic of the light flux image-formed on the image

pick-up surface peripheral portion of the solid-state imaging

element can be made easy.

A structure written in item 6 is provided with the same

structure as any one of items 1 - 5, and the image side

surface of the third lens has a structure in which, when the

apex of the image side surface is an origin, the X axis is

defined in the optical axis directicn, the height alcng the

direction perpendicular toc the optical axis is h, i-order

aspherical coefficient of the image side surface of the third

lens is Ai, radius of curvature of the image side surface of

the third lens is R6, and conic constant of the image side

surface of the third lens is K6, the aspherical surface

displacement X expressed by the following expression (5) and



(24) z ~6 ~r X1+ 1-(1+K6) hz/ R6z+ A; 7~ (25) 2 h~ 6 XO= (26) 1+

1- (1+K6)hz/R62 Herein, an apex of the inage side surface of the third |ens
is defined as an intersection of the i mge side surface and the optical
axis. According to the structure witten in item 14, when it is made an
aspheric shape which satisfies the condi4i onal 26 expression (24),
because the shape of the third |l ens inage side surface is a shape in which,
as it is separating fromthe optical axis and going to the periphery, the
negative refractive power grows weak, (furthernore, a shape having an
inflection point in which, while it is a concave surface shape in the
vicinity of the optical axis, it becones a convex surface shape in hhe
perlpherdt‘bd*%qRﬁﬂceT%%Fs%%u?%ﬁ%ﬁ%c%?lt%%a@%t%c%HFF?EeCHQWQEB@PFSF c of
the light flax imge-formed on the inage pick-up surface peripheral portion
of the sotf dtlxt adehigmigidy elehere caproesaadeyebsy. fAlserPLBEUure witten in
item15 is provided with the sane structure witten in any one of itens 10
- 14, andcexprstguictmur €6) nsatd chy t tiee f cesditeosal segpndskens, cdndhehird | ens
are formed of the plastic material, is applied. According to the structure
witten ifbitemdd, (whem therdhgstof emsigecrndnl ens, aapdtthirydobensaare
structured by plastic | enses produced by the injection nolding, even when

they are Aﬁ@%ﬁ%@?&é@ﬁéf‘%fﬁ%&w% W}chl?rb@é'éﬁésdhﬁgﬁtﬁro' $ snalk, the

mass producti on becones possib I's, recently, the size reduction of
t he whol oI| e even when it is a
solid-st§F§ |n§6%ﬁgg%f§ﬁ%upﬂg Qf% E@lvé Qégﬁ s ﬁﬁ% the pixel pitch is
small, and as the result, a solid- state 27 i magi el enent whose i mage
pi ck-up surfacé siZ¢ i's (%nall i s devel oped. In su % an image pick-up lens
for the solid-state inmagi elenent whose i mage pick-up surface size is
smal | , because |t i's necé;ggry that the focal length of whole system

AW (5)

1+ J1-(1+ K6 Re

X0= h%?(ﬁ

1+1-(1+ K6)h*/ R

(6)

Herein, an apex of the image side surface of the third
lens is defined as an intersection of the image side surface
and the optical axis.

According to the structure written in item 6, when it
is made an aspheric shape which satisfies the conditicnal
expression {(4), because the shape of the third lens image
side surface is a shape in which, as it is separating from
the optical axis and going to the periphery, the negative
refractive power grows weak, (furthermore, a shape having an
infiecticon point in which, while it is a concave surface
shape in the vicinity of the optical axis, it becomes a

convex surface shape in the peripheral portion), the



1s made proportionally short, the radius of curvature or outer dianeter of
each lens is considerably small. Accordingly, processing becones difficult
in the glass I ens which is produced by the polishing processing. Further,
when each lens is forned of the plastic | ens produced by the injection
mol di ng, the aspheric surface forning Bécones easy, and the aberration
correction can be finely conducted. herein, as a | ens which can be
conparatively easily produced even when ,it is a small dianeter |ens, the
adoption of a glass nold lens is also considered, however, generally, in
the gl ass whose glass transition point (Tg) is high, it is necessary that
the press tenperature en t- mold press i s _conducted i.s, set_ high, and the
wear " and TR 0 | o eriol S Re TR ha® MO aF Py G, O o the FAEH ¢ -t he
nunber of replacing tines_or the nunber of maintenance tines of the nolding
die is incrBaseRITeERAIThPR ntihel BoSe -RibC K FaPt ReF fage pRER&BLEF 2Lt or ned of
the plastic material" includes a case where the plastic material is nade a
base 28 umtiani aif Wl snbrgaditacs i eapangi el emestntredbienmede pRAYEI C
material, or a case where coating processing is conducted for the purpose
of the refl ectizostpreventd airidrcean imcitease’ of s sprdatcee thaw dinesshe Asame
structure witten in item116 is the inmage pick-up unit in which the

sol i d- st alteiimgidg el ern@nt: havi pdotdecphot omel ectric gpaver tkprgcsaeki on,

i mge pick-up lens witten in any one of itens 10 - 15 for inage-formng
the object, i,/Rae, an,d he; photps.el eclL &, gonyeLt i ngyseqtLan:ghstheesolid
state imagi ng el enent, substrate having termnals for external connection
whi ch hoggs the solid-state in%ﬁi@ rglﬁneyt and, copducts the sending and
recei vi ng Of The’ el Bet ri e g gnal - ~ahid™ houst ng"Raving an aperture portion
for the light incidence fromthe object side and forned of_Ilight shjelding
menber, are i nt6GAAN T Frhed e ardt S I r UL L ¥R Ahi e hd h‘g}i‘%]ﬂtt Fong
the optical axis of the inmage pick-up lens of the imge pick-up unit is not
| ar ger t hare S0 FaRs i sSappid el Accoidi YL TS tPesseracburechiretleRYin item
16, when any one inmage pick-up lens witten in itenms 10 - 15, is used, the
i mage pi gkkagtiuniltenppovigediwid¢d ladviant agesesuthnaschdiegsi geen when

they are lenses whese radius of curvature or outer diameter
is smali, the mass production becomes possible.

That is, recently, the size reduction of the whole
solid image pick-up device is aimed, and even when it is a
solid-state imaging element of the same pixel number, the
pixel pitch is small, and as the result, a solid-state
imaging element whose image pick-up surface size is small, 1is
developed. In such an image pick-up lens for the sclid-state:
imaging element whose image pick-up surface size is small,
because 1t is necessary that the focal length of whole system
is made proportionally short, the radius of curvature or

outer diameter of each lens is considerably small.



reduction and an increase of the high imge quality can be obtained. 29
Further, a phrase of "aperture portion for the light incidence" is not
necessarily limted to a portion form ng a space such as a hole, but is
defined to specify a portion in which an area which can transmts the
incident light fromthe object side, is&ormed. Further, a phrase of "the
hei ght al ong the optical axis of the inmage pick-up | ens of the imge

pi ck-up unit is not larger than 10 mm' is defined to nean the whole I ength
along the optical axis direction of the imge pick-up unit provided with

t he above-descri bed whol e structures. Accordingly, when, for exanple, the
housi ng ﬁi rovid d on the front gurface gf t bstrgh Ed thz

el ect r oni cgéﬁ e it at T e o the pack  § %?5 duBstrate® it is
assuned that the distance fromthe |eading edge portion which is the object
side of t'He-Houst iy O ThePY ellett nig° btige perPFeR°8F1EAe el ectronic parts
whi ch protrudes on the back surface, is not larger than 10 mm A nobile
termnal wittémithdan,emiteh atopt slame 3 rictoed ofi cheiglpsbvcdédnai th the
i mage pick-up unit witten in item 16. According to the structure witten
in item bioded tihe thmgenpeckiop toiding] ttlea saphbeict emribces nount ed

t he above-descri bed size reduction, weight reduction are 3G i ntended, and

the nobi | & trery Nl c o £he £ap, condughe t hSe k FROEOA ekrupcofohheahi gh i mage
quality, can be reallzed According to the structure witten initeml1, the

first le an rd | r q?9§| on of so called
telephotgﬁfmggf and t éaélz%ere uctﬁ%ﬂ%B?j?H%Qaﬁgﬁp ensl5 ength can be

i nt ended, v ratl can be flnel¥ correct d Furthei because the
positive re rac & W%?S AT e by %ew?f?sf | 8fs“and the second

| ens, generation of t he spherical aberration or coma can be suppressed.
Furt her, Betafi<s t e Bper %r%@%@b@PWsogr?aﬁb%ﬂsb@?%@eﬁePﬁel?lﬁ§§olens and

the second | ens, and the first |lens has the shape in
con51dered however, generally, in the glass whose glass

transition point (Tg) is high, it is necessary that the press
temperature when the meld press 1s conducted 1s set high, and
the wear and tear are easily generated in the molding die.

As the result, the number of replacing times cr the number of
maintenance times of the molding die is increased, resulting

in the cost-up.

Further, a phrase of “formed of the plastic material”
includes a case where the plastic material is made a base
material, and inorganic fine particle is mixed in the plastic
material, or a case where coating processing is conducted for
the purpose of the reflection prevention or an increase of
surface hardness.

A structure written in item 8 is the image pick-up unit

in which the solid-state imaging element having the photo-




which the convex surface is faced to the objective side, and the second

|l ens is a nmeniscus shape in which the convex surface is faced to the i mge
side, the correction of the lateral chromatic aberration or distortion
aberration can be nmade easy. Further, according to the conditional
expression (1) which regulates the refrldctive index of the first |ens, when
the setting is made so as to be |ower than the upper Iimt value, the
positive refractive index of the first lens can be appropriately

mai nt ai ned, and the size reduction of the whole I ength of the inmage pick-up
| ens becones possible. On the 31 one hand, when the setting is nade so as
to be larger than the lower limt. value, t he itive refractive index of
the Tirsto1ais 1 Tt 100! 1GrgertHan THeIneRbSEary LRBS ARd ERB ffgh or der
spherical aberration or cona which generates in the first |ens, can be
suppr esse SRl OFr ey L accobr P hgiias e hEoEBhEDt FbRaPbeRpEesBRER PR) to
finely correct the chronatlc aberration of the whole i nage pick-up |ens
system wHen MHetttd gl dstmadeccovasting beetargercfhanet helkidweraken t val ue,
the axial chromatic aberration and |lateral chromatic aberration can be
correctedmddima atelea) angest Rt d hesvimhenetiensest fog estkonar than the
upper limt value in the expression (2), the lens material which is

practi caldon it @RPrAprdatig, 1 ganhe extl ydeds ¢ AccRsdiRg é@eﬁ@ﬁtséﬁHCture
witten in item2, when the setting is nade so as to be larger than the

Lower |imd,valile 46C °§ed:%<\{]&9n§ hallﬁ&‘e &8@9&%1‘1@” Qrgfé& Plé:”%léﬂaieg“' ate

the refractive power rd ens nega lve re ractirv pOV\BI’

the third | b t el t d i duct f
he whol @1 ETGER 0 PERCAh( T RSO TRt (T b o1t R oF P at & Bber 1ot ons.

such as the curvature of field or distortion aberratlon can be finely
conduct ed:MOfYKE dHEhdME KhbCE neldetarfgl pEnpddel soldatt shbalAdhEr t han
the upper Iimt value of expression (3), the negative 32 refractive power
of the thigwbdns:is meqloﬂhar@ermdhanamhea netegshnye ohe, wahdht hkee is no
case where the light flux inmage-fornmed on the inmage pick-up surface

peri pher @eiport isdrong the optical axis of the image pick-up lens of

the image pick-up unit is not larger than 10 mm, is applied.

According to the structure written in item 8, when any
one image pick-up lens written in items 1 -~ 7, 1g used, the
image pick-up unit provided with advantages such as more size
reducticn and an increase c¢f the high image quality can be
obtained.

Further, a phrase of “aperture portioﬁ for the light
incidence” is not necessarily limited to a pertion forming a
space such as a hole, but is defined to specify a portion in
which an area which can transmits the incident light from the
object side, is formed.

Further, a phrase of “the height along the optical axis

of the image pick-up lens of the image pick-up unit is not



of the solid-state inmaging elenent, is too nuch | eaped up, the securenent
of the telecentric characteristic of the image side |ight flux can be nade
easy. According to a structure witten in item3, the conditiona

expression (11) which properly regul ates an absol ute value of the curvature
radi us of an inmmge side surface of thelgecond lens, allows that the
refractive power of the inmage plane of the second lens is not too |arger
than the necessary one, and cona flare of the off-axis light fluxes and
barrel distortion are suppressed when it exceeds the lower Iimt value in
the expression (11). Furthernore, in view of the |lens processing, the

expr essi is also preferaple because.the curvature of the second_plane is
nor o0 ST Githel brB Rt SRALRERt P st Olier BEnaRoF o LGRRLR FLAPE

val ue, the refractive power of the curvature radius of the imge side
surface ofh'? HePskedhdFehsithpcbeCadefubbiel yrAErnPaFkedP Hhdtt RECVaF6us

of f-axi al aberrations generated in the third lens with negative power can:
be correctedh vitd zbaettcddatanced kbebevetruatseearenkntonditdheyt el ecentric
characteristic of the inmage side light flux can be nmade easy. 33 the
shape of whenfitst demspbad the Secohdgl easpirsvadsynvrt theakkrshape with an
aperture stop between them and the spherical aberration or conma generated

in the figgtrd @nsccambesapseritoelyscontest edr rMat BOMEELsi hrBecones the
structure by which the |ateral chromatic aberration or distortion

aberrati of, of , { ey Wol £, 4 MBYE, PLEKE YR, ! 89%%%&8‘59?&3? g?r €538kl ¥eq

corrected. According to the structure witten in rtem ecause the shape
of the first, lens and the second lens is.a s trical shape with

aper tur e Srop et e them LB Sphel P4 4bEPat PORCOP cBREC gberdfed i n
the first |lens, can be_nore fipely corrected, Further, it beconmes a

st ruct ur 1 vhi Tt Hel | drerkPuehidmat P ctapet PAFHIDA BF 28I BPEFLPBNOL
aberration of the whole inmage pick-up lens systemis nore easily corrected.
Accor di ng-t® 2 IRCTEEeET upar We i ¥iieahi Protewniss bachbsebahs BHICEdCEendsis a
meni scus shape in which the concave surface is faced to the inmage side, the
mai N poi motpositgen wwfam hel ttmrd | ens can be noved to the image side, and
while the whole length of the I ens of the whole i mage pick-up | ens

A mobile terminal written in item % adopts the
structure which is provided with the image pick-up unit
written in item B,

According to the structure written in item 9, when the
image pick-up unit written in the item 8 is mounted, the
above-described size reduction, weight reduction are
intended, and the mobile ferminal which can conduct the image
pick-up cf the high image gquality, can be realized.

A structure written in item 10 is an image pick-up lens
which consists of, in order from the object side, the first
lens having the positive refractive power, and a convex

surface 1s faced to the object side, an aperture stop, the

meniscus—-shaped second lens having the positive refractive



systemis reduced, the sufficient back focus can be secured. Further,
because air | ens between the second |lens and the third | ens becones a

bot h- concave shape, by its positive 34 refractive power, the securenent
of the telecentric characteristic of the light flux inmage-fornmed on the

i mge pick-up surface peripheral portid® of the solid-state inaging el enent
can be nmade easy. According to the structure witten in item6, when the
third l ens image side surface which is a surface positioned at the npst

i mge side, is made an aspheric surface shape which satisfies the

condi tional expression (4), the securenent of the telecentric
characteristic of the light flux_.inmge-forned on the inmage pick-u urface
por | pher SICHB O . THE SbITHE A oF rbbiRG &P ehbnt -BARS e findeBdsy.
According to the structure witten in item7, when the first |ens, second

| ens, andihiTd 1%nsEss dta" ST uehtIreRl Byl pE akt FE2FERERsPRIB8uc@Edby t he

i njection nolding, even when they are | enses whose radi us of curvature or
outer di ammeteEvd swende thefansd peothet ipaobecohes podsibberuFurther,
because the formati on of aspheric surface is easy, the aberration
correcti am can die edsid ya afsk s cle@deh yo £otideicEeds - Acensdingftp the
structure witten in item 8, when the imge pick-up | ens by which

above- desyded Laph eff egle can he 18841 2ed53 i sndoLné edochhel éngge piEck- up
unit provided with 35 advant ages such as size reduction, weight

reductio ti o ' 1 [ o e V] : ding to
t he strug¥ﬁ{g&&?f%g@#ﬁ?ﬁ#%&kn%?gﬁﬁgﬁa%%%y?%agg gicgﬁﬁpbﬁﬁg%t€§ﬁ§%ich
above-described .each effect be. realized, is nt ed, ile.intending
Che i ve PRI On i vl GO T SUUELT oft 1L hePobTT bt 5F nP Rl > By £h ¢ he
hi gh image qual ity i nmage pick-up can be conducted, can be provided.

Accor di ng'® e structure witten in item 10, the first Iens, second |ens,
and third lens are | ens conposition of so-called tel ephoto type, and the

si ze =educti on % th&luhol<e 4éhs | ength can b&ll ntended, and the aberration

can be
-1.5 < £3/f < -0.5 (22)

According to the structure written in item 10, because
it i1s a so-called telephoto type lens construction in which,
in order from the object side, the positive lens group
composed of the first lens and the second lens and the third
lens in which the concave surface is faced to the image side,
are arranged, 1t is advantageous for the size reduction of
the whole length, and the aberration can be finely corrected.

That is, for the aberration correction, because the
positive refractive power is allotted by the first lens and
the second lens, the generation of the spherical aberration
or coma can be suppressed. TFurther, the aperture stop is
arranged between the first lens and the second lens, and

because the first lens has the shape in which the convex



finely corrected. Further, because the positive refractive power is
allotted by the first lens and the second | ens, generation of the spherical
aberration or cona can be suppressed. Further, because the aperture stop is
arranged between the first I ens and the second |l ens, and the first |ens has
t he shape in which the convex surface 29 faced to the objective side, and
the second lens is a neniscus shape in which the convex surface is faced to
the image side, the correction of the lateral chromatic aberration or

di stortion aberration can be nmade easy. 36 Furthernore, according to the
condi tional expression (21) which regulates the refractive power of the
first |ens, en the_ setting js de so as to be_ lower than the upper limt
val ue, t PG ive F349 cﬁ?v%h%o eof $hesiPLe F%ﬁssﬁgﬂngeEEBBr pri ately
mai nt ai ned, and the size reduction of the whole |ength of the inmage pick-up
| ens becnERpGREI DI EaMGh HThelpkeh higkrl, Comee | $ubkeeddssSt haReeheol eler

limt value, the refractive power of the first lens is not too |arge than

t he necesisarge ongle anid: tihe thgherrordere sphevhtah ahertateéoalor conmm, which
generates in the first lens, can be suppressed snmall. Further, the

condi t i onalr @xpries v f22)orl Cof egldadecibe sieérastive pewessoiythe third

| ens, when the setting is nmade so as to be upper than the lower limt

val ue, theynegatdye refractive power of the third | ens can be appropriately
mai nt ai ned, and the size reduction of the whole length of |lens and the

correction of t ff-axis r.at i ons . 1 he rvat u of field or

di stortion abe%?gfggﬂ 3%%36§%ﬁ%§3%P%%ﬁ%§%%§?&%ﬁ { e>d%%‘%§nd, when t he
setting is made so as tq be lower than the_upper limt val ue of expression
(22), & OV PUT ST/ JOvET e tHETERT T HYF SRE“FE Rbt CEB0 AP Ger
than the necessary one, and there is no case where the light fl ux

i mage- f orfEF on"PRE ifadé pitEk thER U SsiEREte PeHi gt ate pot tiish of t he

solid-state imaging el ement, is too nuch | eaped up, the securenent of the
t el ecent rdxpriant erd kit ctlof pdwiiiregersfdectightpévar eénthe first

lens can be appropriately maintained, and the size of the
whole length of the image pick-up lens can be reduced. On
the one hand, when it exceeds than the lower limit wvalue, the
refractive power of the first lens is not too large than the
necessary one, and the higher crder spherical aberration or
coma, which generates in the first lens, can be suppressed
small.

Further, the conditional expressiocn (22Z) to regulate
the refractive power of the third lens. When it exceeds the
lower limit in the expression (22}, the negative refractive
power of the third lens can be appropriately maintained, and
the size reduction of the whole length of lens and the
correction of the off-axis aberrations such as the curvature

of field or disteortion aberration can be finely conducted.



be made easy. According to a structure witten in item 11, the conditiona
expression (31) which properly regul ates an absol ute val ue of the curvature
radi us of an imge side surface of the second lens, allows that the
refractive power of the inmage plane of the second lens is not too |arger
than the necessary one, and ccrma flare ©f the off-axis light fluxes and
barrel distortion are suppressed when it exceeds the lower limt value in
the expression (1li). Furthernore, in view of the |ens processing, the
expression is also preferable because the curvature of the second plane is
not too small. On the one hand, when it is |ower than the upper Iimt val ue
inthe e ession ;11 the refractiyv ower of the curvature radius of the
i mge si é£s€$?a%%eo g%%é @%%%néﬁ?eﬁ%ggaﬁgbésaﬁggﬁaFgl?S Fn%&i ed"Tand the
various off-axial aberrations generated in the third |lens with negative
pover can-BE" corF SREREE wtH-5 %%i?gbﬁﬁaﬁﬁﬁFeﬁﬁFQBVé??)a SBEUPEREN VS t he
tel ecentric characteristic of the inmage side light flux can be nmade easy.

t he shapef%ﬁfQ¢ﬁ9Y$rB@W¢én@fahHethbiggcéﬁasléﬁsﬁp§ fosymasgeirc dhagh&pe with
an aperture stop 38 between them and the spherical aberration or conm
gener at edhécesheryiost, | end Cherbeisone thnel yheoer ébkedightr €aver, it
becones the structure by which the lateral chromatic aberration or

di storti oimaber fetrhen of the Wﬂ@%@ piregeupi ekrdpckepsrsyateancanrhe ofor e
easily corrected. According to the structure witten in item 12, the shape

of the figstehenso B L2 SeLQRg: heNS1bReAt SYTEELELCALCBNERE WL 12N
aperture stop between them and the spherical aberration or tona (enerated
inthe first lens e f] rec ner . i% be t he
Struct ur e By VTSR TRE LAt eraT BT GGt rE. abeir AP ORCor ArsPar £y gn ATt
aberration.éf %?e mhgie i mage $ick-up | ens system can be nore easily '
correct ed>* A cor it hg 6% t he sPF UBEUF eGP Yt ten in item 13, because the third
lens is a neniscus shape in which the concave surface is faced to the inmage
side, the main TR pddit i 6T THE thR+A TehslecaphpeaaborlsEbCt HeanNfnage
side, and while the |l ens whole length of the whol e i mage pick-up | ens
system i sthaduced;ea sutfief emtybatkiioctisocfanhbelsegbor éduxFamaber, because
an air lens between the second |ens

formed on the image pick-up surface of the solid-state

imaging element is projected from the lens final surface, it

becomes almost parallel to the optical axis, in other wozrds,

the exit pupil positicn of the image pick-up lens is fully

separated from the image surface. When the telecentric

characteristic becomes poor, the light flux is incident on

the solid-state imaging element from a slant direction, and a

shading phenomenon by which, in the peripheral portion of the

image pick-up surface, a practical aperture efficiency is

decreased, 1is generated, and the peripheral light amount

becomes insufficient. Accordingly, the image side

telecentric characteristic is a necessary characieristic for

an image pick-up lens using the solid-state imaging element.




and the third lens is both concave shape, by its positive refractive power,
the securenent of the telecentric characteristic of the [ight flux

i mge-fornmed on the i mge 39 pick-up surface peripheral portion of the
solid-state i magi ng el enent can be nmade easy. According to the structure
witten in item 14, when the inmage sidessurface of the third |ens
positioned closest to the image plane is made an aspheric shape which
satisfies the conditional expression (24), the securenent of the
telecentric characteristic of the light flux inmage-fornmed on the inmge

pi ck-up surface peripheral portion of the solid state imaging el enent can
be made easy. cording to the structure witten inite en the
fi--st lens, sécBnd9enecH S hitd #%%%e%O%?%S%FTﬂ%tﬁ?egeﬁgrmgﬁgtic | enses
produced hy the i njection nolding, even when they are | enses _whose radi us
of curvatiR@ oridut eFOHP AFrREEP | §héﬁﬁlFantﬁ@CHﬁ§sap?éHEBF#6n B&E6nes
possi bl e. Further, because the fornmation of aspheric surface is easy, the
aber r at | GrE@OTERicT lon zhhobheneaspfycand aevar afekryezendletedt Abeortdimeg to
the structure witten in item 16, when the inmage pick-up | ens by which
above- desef irrets gacddwf f oo, canchewnenl tZzedopt scabunked, offheachmgenpi ck- up
unit provided with advantages such as size reduction, weight reduction,

formati on Of5dd Ghodd@gen geathty, mp_@@t@eaﬂ%@ﬂtdéematﬂenA%%@fndma tapkhe
structure witten in item 17, when the inmage pick-up unit by which

above- desscg%gaeﬁsggfﬂléf f@éﬂgafs be, Lgalhzedy ch 8 MpUGLedy WakLg i nt endi ng

the size re melg reductron, 'e termnal DBy which the
hi gh i nma ual i an_be condu an rov

According T RIY S % %%E?ﬁen?%g FhEhacheoRarEBFRYBE: 5w 1
be descrlbed be|OM/ F| .1 shows a perspective view of an image pick-up

uni t 50\ﬁﬁ(ﬁPR%PR?&?Eﬁ%%é%@l%h%b%?ﬁnnt and Fig. 2 is a viewin which a
cross section along the optical axis of an inmage pick-up optical system of
the i mage pi ck-uptmiatBe ivriyipitaln yistowhl The thegeape cktupctnke 50 is
provided with a CMOS type i nage sensor 51 as a solid-state inmaging el enment
havi ng a grhotroeleoie i ol Conver 5é¢on sectten Sdajtamdlan endgehphck-up
curvature radius of the image side surface of the second lens
is R4, the structure in which the conditional expression of
the following (31) is satisfied, is applied.
0.15 < |R4|/f < 0.40 {31)
According to a structure written in item 11, the
conditional expression (31) properly regulates an absolute
value of the curvature radius of an image side surface of the
second lens. When it exceeds the lower limit wvalue in the
expression (31), the refractive power of the image side
surface of the second lens is not too larger than the
necessary one, and coma flare ¢of the off-axis light fluxes

and barrel distortion are suppressed. Furthermore, in view

of the lens processing, the expression is alsc preferable



optical system 10 as an i mage pick-up |lens by which an object inmage is

i mage pi cked-up on the photoel ectric conversion section 51a of this inmage
sensor 51, a substrate 52 having a term nal 54 for external connection

whi ch hol ds the inmage sensor 51, and conducts sending ar_d receiving of its
el ectric signal, and a housing 53 as ad¥%ns barrel which has an aperture
for light incidence fromthe object side and is 41 conposed of a |ight
shi el ding nenber, and they are integrally forned. In the i nage sensor 51,

t he photoel ectric conversion section 51a as a light receiving section in
which, in the central portion of a plane on its light receiving side, the
pi xel (p otoelegtglc conver si on g % IS seco d dinensionally ar&gnged
is formedSHheTn ??SC%%Y?B%E?y? tgrgﬁ FOB?088§ PRG &Pr B0t “82b & for med.
Such a signal processing circuit is structured by a drive circuit section
by whi ch %acﬁfh%u%er handycees’i ve-1§ #PYvEntAAB gh@i YRAPTellé®iEi ¥2¢R&rge i s
obt ai ned, A/ D conversion section by which each signal electric charge is
convert edtintee araligital pevgnabf amd ausivghakepradessi ng sbet Limagby which
an image signal output is formed by using this digital signal. Further, in
the vici mige cdupeidpher ytiod tdhecpl anenencihebki ghtqgtieeceilyi ngisicdeneti,t he

i mge sensor 51, many nunber of pads (drawing is negl ected) are arranged

and connegi@d:1O PaSUbSE I et £ 521 41T 9Uehr At VWHh 8 &\énabstéaa% $8BS@OhLi %
converts the signal electrlc charge fromthe photo conversion section 5la

t j|ge I t t t
Lpegeﬁgrh1ned @%@@3# on t %%?#%?ebgty%ﬁ%%gg d ggafgeQ%éikérelg aY i's

I I ff | bet d
and the EH2T G ndRGE Signal Ys)aerrfalwen% TR O 1 or once |

si gnal between blue and the | um nance S|gnal Further t he |nag pi ck-up
el enent i DHACTEH T tOF t He® QRS ® ypedf mhydnEehsdr, CHUt PENBEEENERSEne
such as CCD may be used. The substrate 52 has a support plate 52a to
support the isdgersensofesdbbad @hhousiagisllovingscondiplanel and a
fl exi bl e substrate 52b whose one end portion is connected to the rear
surface (oppossdeosiide sauriatesdo the i mage sensor 51) of the support plate
52a.
0.18 < |R4|/f < 0.30 {32)
A structure written in item 12 is provided with the
same structure as the image pick-up lens written in item 10,
and a structure in which the first lens is a meniscus shape
in which the convex surface is faced to the cbject side, is
applied.
According to the structure written in item 12, the
shape of the first lens and the second lens is a symmetrical
shape with an aperture stop between them, and the spherical

aberration or ccma generated in the first lens can be more

finely corrected.



.The support plate 52a has many nunber of pads for signal transm ssion
provided on front and rear surfaces, and on its one plane side, it is
connected to the wire GL 0. the above-described i nage sensor 51, and on
rear surface side, connected to the flexible substrate 52b. In the flexible
substrate 52b, its one end portion is @3dnnected to the support plane 52a as
descri bed above, and the support plane 52a and the external circuit (for
exanple, a control circuit which is possessed by the higher device in which
the image pick-up unit is nounted) are connected through the external

output termnal 54 provided on its other end portion, and the flexible
substrate receives.the sypply of t voltage for driving the i e_sensor
51 or clock A3T&§ital f g?rﬁyq SeQﬁ%eer il T T oY o‘?hJC%h %{‘ﬁ pﬁ%i@?h%
digital YUJ signal to the external circuit. Furthernore, a mddle_portion
in the | RGN e MU L Ahed | &G BPE-SebstPareahbent ik FrexiBPifty or
deformation property, and by its deformation, degree of freedomis given to
t he suppomtags anecl52a; feors thes sEnsemnrbarnangepent 1 of coheeekedr nal out put
termnal. The housing 53 is fixedly equi pped on the plane on which the

i mage sensor 5h enrke wsupparitc eimtiey 5280113 hies substT@t® o2th stipe ovi ded,
by adhesi on, under the condition that the inage sensor 51 is housed in its
inside. Thale isrddi@ousd g a3 13, foided dhrsschra RNGEIchhakcatROERI On
on the imge sensor 51 side is mndbly opened in a manner that it surrounds
t he i mag n 5 - r. ti I 5
bottoned?byﬁiﬁ%{f%éﬁ%#%%&$%§%§%§éﬁg%ﬁﬁég %ﬁ% %%n%%%gzg%ﬁg?%epTgte 52a

the end porti on.the i mge sensor 51 sjde ,is contacted with and fixed on
. Furt RS S ot poitd o Git He® | HGE: Snsor 51 side of the housing 53,
may al so be contacted with the periphery of the photoel ectric conversion
section Sla on®CReYdEge IeAdsr T ERPFS wed U Et theri P ¥he! FoREFEBS i s
used in such a manner that the other end portion on which an aperture is
provi ded,thiss Faged ftcond Hes cbjrestli stwke, saark i heidelthetapertfeyean IR 44
(infrared ray) cut filter 23 of an inage pick-up optical system which wll
be descrishaddcat ery fiss:qat owd détk Theye $id4 hetwusa g BEint heosiragenpi ck- up
optical system 10 is housed and hel d. The inage pick-up optical systeml|O

has: the diRwout fHilden &3 praye imgrddecd nehdencegofside, i ahaakedieay from
the object side; the image pick-up lens in which the first

the lens whole length of the whole image pick-up lens system
is reduced, & sufficient back-focus can be secured.

Further, because an air lens between the second lens
and the third lens is both concave shape, by its positive
refractive power, the securement of the telecentric
cheracteristic of the light flux image-formed on the image
pick-up surface peripheral portion of the solid-state imaging
element can be made easy.

A structure written in item 14 is provided with the
same structure as any one of items 10 - 13, and the image
side surface of the third lens has a structure in which, when

the apex of the image side surface is an origin, the X axis



lens LI having the positive refractive power and facing the convex surface
to the object side, the neniscus shaped second | ens L2 having the positive
refractive power and facing the convex surface to the object side, and the
third lens LI having the negative refractive power and facing the concave
surface to the object side, are arrangé€d in the order fromthe object side;
and the aperture stop S arranged between the first lens L1 and the second

l ens L2. This inage pick-up optical system 10 structures the aperture stop
S and each of lenses LI, L2 and L3 as the optical system and conducts the
i mge formation of the object inmage on the solid-state imagi ng el enent.
Further, in Fig. 1, it is defined that the upper side is the object side
2nd the IOWE SingE! |15 (e | TGRS R Br FHE HERhel P i BB PRCFRGSNS |5t he
optical axis common to each of lenses L1, L2 and L3. 45 The IR cut filter
23 is, fdmeeHnAcian rermstdidetangte- ThkePptogati peufatPyhf ot ne8%AENber
Further, although the drawing is neglected, an external |ight shielding
mask for amiieng ddile dowd encmn bfolintlecessagy $ightstrdaceéhefobhsi thiag
smal| as possible, may al so be provided on further object side than this IR
cut filtererd3.isThe aperduie st opuSraisube nefbelc f Ohaget eigensngrkcausber of
the whol e i nage pick-up | ens system Each of lenses LI, L2 and L3 is housed
in the hausi ng,underedhe copdi tion thafc-itsnopthcabraxhs andgthgigentral

| i ne of the housing 53 are coincident. These lenses LI, L2 and L3, although
t he draw js..n ed,, f , r e o f each to a
predeterﬁﬁ%ggnﬁhﬁgiqﬁgaggpjgé g%@%ﬁ%% % ’tﬁ%ge?%%gg%%ggéigﬁ%?égghaving t he
function as the imge pick-up |le and a tside portion.fro at y
'S0 be SRR T angh TS ML b ete bt R ERBHE 81 Phe (P irgans
pick-up lens. In this case, each of lenses LI, L2 and L3 can be held in the
housi ng 53¢ GHIEGEH aFfarstt et f pet Phetadl pdredohc oF UT£3C¢ | aRBROPSBREI B8R is put
on a predeterm ned position of the housing 53. Recently, the size reduction
of the widl elieregewis chealp deviaes i sxmeeiesa® obj e, Tahdlowved when it is
the i mage pick up elenent of the sane pixel nunber, the imge pick-up 46
el ement igxpdschi drhe{ 38 Xedapidh tise sombdi t dmoz Asethee s @Suht oft hRei mage

pl ane size of the light receiving section (photoelectric conversion
section) 4 1sBldg {1 devel opethgd no suedy gt i ege Phekadpitensyfor the
solid-state i magi ng el enent whose i nage plane size is small, for securing

the sane jsmge angle, hecause it:is Becessary (hatnthectesal nnax x 0.7
< h < nmax, to the maximum effective radius hmax.
X - X6 <0 (24)
”

R6 i
X = +> Ah (25)
[+/1—(1+ K6)h?/ RE? 2

e
X0= R6 (26)
1+ 1-(1+ K6)h?/ RE?

Herein, an apex of the image side surface of the third
lens is defined as an intersection of the image side surface
and the optical axis.

According to the structure written in item 14, when it

is made an aspheric shape which satisfies the conditional



length of the whole systemis shortened, the radius of curvature or outer

di aneter of each | ens becones considerably small. Accordingly, the
processing is difficult in the glass |Iens produced by the polishing
processing. Accordingly, it is desirable that each of lenses LI, L2 and L3
is formed by the injection nolding by regking plastic as the raw materi al .
Further, as the image pick-up device, in the case where it is desired that
the position variation of image point of the whole inage pick-up | ens
systemat the tinme of tenperature change is suppressed small, it is
desirable that the first lens is forned of a glass nold | ens. Further, the
deta-1ed gpecificatio of each of lenses LI, L2 and L3 will be described by
usi ng a|ﬁtﬁ%ﬁ??&p%f(Q%éci??%aﬁiﬁnﬁmﬁssPﬁp%xaﬁpFag WALER wRPF BBAdEscri bed
bel ow. Further, although the drawing is omtted, a |light shielding mask may
al so be af¥&hged brasween 2 heharecut ¥hiter 28 ahdiehéspprstinengrem and
bet ween the second |l ens L2 and 47 the third lens L3, and in this case, by
t he nut uathactpiticof dheseand ghtishi ebdthg paskphang, t heeapeshuieest op S,

it is prevented that the light incident fromthe IR cut filter is incident
on the outsitiecoivd heowdt egtove wWeaRpt eFudtnéheoksRI. PhekeURakgng ah the
first lens L1, and that the light incident fromthe aperture stop Sis

i nci dent ofr {der 0A Shlen of i § hen eff echi ye-di anpter 0fnthSei BRYS.RLCK-UP | ens
of the second lens L2 and the third I ens L3, and the generation of a ghost

or flare e ess , e ; the.Lma Lck- nit 50 will
be descri%z%)%e%%\?v&p%:i%%g%%ﬁécwggat@%tﬁéﬁ"g%li %g%\%l cg%t ﬁ%gfﬂﬁégegpi ck-up
unit 50 -1s equipped to the cell phone |00 as nmobj | e ﬁer i nal or inmage

i k- Up AT PUriHeT ,SIRE #7i B98 RoRiPBFEBE 0BR: 48! antBF the cel |
phone 100. In the inmage pick-up unit 50, for exanple, the object side end
surface ofSTHeEMIUsIi Ty B3° i Fetdechvaye pirekeupedpeieal csyskemighprovi ded
on the rear surface (liquid crystal- display section side is a front
sur f ace) ©lfaxt hienaed1f phrong ¢00;hantnaye apged-ap aupéscei parepheesponding to
a below portion of the liquid crystal display section. Then, an external
connecti agptteren nat HBde ool he-$tEge phedihg #héhehd tsncobaneetiedetovyt he
control section |01 of the cell phone 100, and an inmge signal such as a

lum nance 48 msignalcQfr Lo hd fof encansignal bsoetdoythedht enthe _
control section |01 side. On the one hand, the cell phone 100, as shown in

cont r ol . hand, the cell"phone 100, as shown i
" Cont Fol SECLT oR (CPU, oL WA ch cantiuats B pt bt Zorr 62poRdiing to each

proceSSIrg%rdél&%e$§§t&ﬁghﬁﬂkhe first lens, second lens, and third

lens are formed of the plastic material, is applied.

According to the structure written in item 15, when the
first lens, second lens, and third lens are structured by
plastic lenses produced by the injection molding, even when
they are lenses whose radius of curvature or outer diameter
is small, the mass production becomes possible.

That is, recently, the size reduction of the whole
solid image pick-up device is aimed, and even when it is a
solid-state imaging element of the same pixel number, the

pixel pitch is small, and as the result, a solid-state



for instructing and inputting a nunber by a key; display section 70 for

di splay a picked-up image other than a predeterm ned data; wrel ess
comuni cation section 80 for realizing each kind of information

conmmuni cation between it and external server; storage section (ROM 91

whi ch stores a system program of the cel7l phone | 00, each kind of
processi ng program and necessary data such as termnal TD;, and tenporary
storage section (RAM 92 which is used a working area for tenporarily
storing each kind of processing program conducted by the control section
101 or data, or processi ng data, or the inmage pick-up data by the inage

pi ck-up unit 50. Then, an inege signal inputted fromthe image pick-up unit
50 is st&ﬂ@?%qgtQﬁ?@ﬁQﬁzﬁﬁp%%c%m%ﬁﬁ991%¥ HPS%F%?%ﬂeoﬁlFﬁelal§BP§}!sé§t|on
70, by the control systemof the cell phone 100, and furthernore,

transmi t SV alengte oﬁtﬂsis@@ha@arimaf@wg@iiq*:ormarcm fidhr dieh 1 hlel. 0 $ et es s
communi cation section 80. [Exanple 1] 49 Next, the specification of the
i mge pi ckeapirdensl emddt behakes cimdpd @rcorab ngut daexaspkesid smbllhowever,
each of specifications is not limted to this. Herein, the sign used for

each exam®&uise as: fiod |r@@es§arf0@@it|ﬂﬁ@tﬂo@$ltﬂ§n@}a@| 8fi WREL=PEGktER | ens
system f B: Back focus F: F-nunber | mage pick-up surface diagonal |ength

of solid-st gleid AGNG € Sent %h(ﬁ?@ Ush OF - SHI YAt YE €. £v§tﬁ’\%r89“ ve

surface D On-axial "surface i refracti ve sur aces Refractive

index in | i ne,.of l.ens terla vd: Ab | e mat eri al
Furt her, glnteerac laé%(efrfep eOnPtef'uec hla%%s of° a%%rﬁ%l#%r ‘gﬂ ¥a%e ?Jz shown by the
foll ow n expreSS| on expressed by the foll ow ng where_an apex of the

surface F&IHEGgin P 36 14 P§eORRY ‘ilﬁf¥h‘éu£pt3r]&arh%x9§aai3r gt'fon,
hei ght in perpendlcular direction to the optical axis is h, apex radi us of
cur vat ur &@HiETR 1 o cBic bzt a‘ﬁﬂhelﬁol@ﬂah@gmf@%iéﬁil%gpherl c surface
coefficient is Ai. z X- h IR +~Ah; (27) 1+ 1-(1+K)hz/ Rz (The | st exanple)
50 The i mage pifclthpd,engiedateadls Istieavi g nEctaideesol @nd 2] aainde nuems | cal
val ue corresponding to each conditional expression is shown in Table 3.
Table 1 produced by the injection molding, the aspheric surface

forming becomes easy, and the aberration correcticn can be

finely conducted. Herein, as a lens which can be

comparatively easily produced even when it is a small

diameter lens, the adoption of a glass meld lens is also

considered, however, generally, in the glass whose glass

transition point (Tg} is high, 1t is necessary that the press

temperature when the mold press is conducted is set high, and

the wear and tear are easily generated in the molding die.

As the result, the number of replacing times or the number of

maintenance times of the molding die is increased, resulting

in the cost-up.

Further, a phrase of “formed c¢f the plastic material”

includes a case where the plastic material is made a base



(Exanple 1) f = 3.81 nmm fB= 1.65 nmF = 2.88, 2Y= 4.61 mmfturface No.R(nm D
(rmm) Ndvd1l. 8181. 001. 5318056. 023. 71 30. 25St op~0. 623-1. 6871 . 221. 531 8056. 04-0. 9
000. 1056. 8000. 781. 5830030. 061. 534 51 Table 2 Aspheric surface coefficient
The | st surface K -9.15720x10- 1A4 =-3.85700x10- 3A6 =1.19250x10- 3A8

=1. 54340X10- 3A10 =-1.05850x10 ' The 2nd&urface K - 1.90040 x 10 A4 =
1.42930 x 10-3 A6 = 6.64670 x 10-z A8 = -1.05450 x 10-1 A10 = -2.10100 x
10-z The 3rd surface K - -1.94220 x 10-1 A4 = -2.56700 x 10-2 A6 = -2.35200
x 10-1 A8 = 3.40250 x 10-1 A10 = -7.14810 x 10-z The 4th surface K
--2.82330A4 =-2.17930x10-1A6 =1. 31 190x10-- A8 =-8.S9110x10-zAl10
=2.63410x10- 2A12 =6.50500x10-9The _5th surface K --9.76570x10A4 ,

=- 6. 25440540 286 =32 020X 92228 T A% 57250x 162 3AT0TE X394 B0GREOPIAES LC

=5. 36600x10-5The 6th surface K --1.09320x10A4 =-6.92620x10- ZA6

=1. 6497 0X00- LA & 10800 70%10-BAEDe =C2261000R10C8A NG| 183470410564 57
Table 3 Exanmplel(1),(8)fl1/f1.491(3),(9)f3/fl1-0.94!'(2)((vli+ v2)/2)-v3;

26. 0(4), (1) R D= 241 Shh¢ 13 Kl ecXOhzhpagtenhzOn7ox2ahmihcr826818 fhmax
-0.190' 91 (7)L/2Y1.22 Fig. 5 is an explanatory view show ng an i nmage pick-up
| ens arrangererd wirdihesdirst exanple. In the view, LI is the first |ens,
L2 is the second lens, L3 is the third lens, and S shows an aperture stop.
Figs. 6(a;, 6(k) and,&lSe afeiahsl rali oneyi eus; £ spher {gabe aberrakjon,
astigmatism distortion aberration, neridional coma) of exanple 1. (Exanple
2) The innge pj¢ 'ﬁfcﬂtle&%e d%éf‘i&—ss?QEé’a“mégiﬁgbéfémén%”ﬂa%aﬁngn@“”Er' cal
val ues correspondi'ng” to each condi i onaf™ e préssion are sSho i'n"Table 6.
ig_;?g;f&%éé%gg%gékg é ccgﬁggtfy% égzt%éﬁg gﬁége p%tgghszeng'g%igggﬁrface
(nmm) vdvd1l. 7110. 901. 5318056. 029. 2690. 2SSt op~0. 463-1. 1670. 981. 53| 8056. 04-0. 7
480. 10526-18300Y 651¢ 583008809640 4531 Ear ThhfeesTpsBhed| ehguppaget
coefficient The 1st surfaceK -3.94660x10- 1A4 =-1.20790x10-zA6

=-1. 20570x103z A81 IhOOITOXIOe kA1 Oric 1¢31B00R10g zA¢ 2100, 8E3EDR1603ThHe 2nd
surfaceK --5.01610x10A4 =-2.11260x10-2A6 =-2.27930x10- 3A8

=- 8. 49250xt10: 2 Altfkry Bn d SOIIANRALRT0 3 r 864 40x10ng TherRdt Aaser FaeceK
--1.16690x10- 1A4 _-8.99550x10- 2A6 =-4.2579Cx10- 1A8 =4.54500x10- 1A10=

- 3. 40" 760105 2P = 5l SSOAOX 10 dzd o Ahh BMET 868Ky=52208890Ad1yy3. 2280 X
10- - A6 =2.52660x10- 1A8 =-1.94250x10- A10= 7. 761 10x10- zA12= 6. 35480x10- 3The

Sth surfaceK <+ 09000 4. =- 5 10- 2 = . 0-
= 1.1 331%10-?%10: CPG%%%%%%&%O%%l%gQé%%Q%%1g?§#ﬁg9ééhogﬁr§cheK
--1.61000x10A€?;-8.8969 xlO-&AQ :2.432§0x10-2A8 =- 3. 0280x10%3A10%
3.05770X1%£%ﬁ_:}q4§ kl%@ ocusing having an aperture porticn for

the light incidence from the object side and formed of light
shielding member, are integrally formed, and a structure in

which the height along the optical axis cof the image pick-up
lens of the image pick-up unit is not larger than 10 mm, is

applied.

According to the structure written in item 16, when any
one image pick-up lens written in items 10 - 15, is used, the
image pick-up unit provided with advantages such as more size
reduction and an increase of the high image gquality can be

obtained.



55 Table 6 (1),(8)f1/f(3),(9)f3/f(2){(vl+ v2)/2}-v3(4),(10)IR41/f(5), (11) X
- XO (7) L/2Y Exanple 2 1.06 -0.75 26.0 0.21 h=hmax (2.0mm -0.7193 h=0.7 x
hmax -0.2097 1.05 Fig. 7 is an explanatory view showi ng an i mage pick-up

| ens arrangenent of Exanple 2. In the view, LI is the first lens, L2 is the
second lens, L3 is the third |lens, and 23 shows an aperture stop. Figs.

8(a), 8(b) and 8(c) are aberration views (spherical aberration,

astigmati sm distortion aberration, neridional cona) of Exanple 2. (Exanple
3) The imge pick-up lens data is shown in Tables 7, 8, and nuneri cal

val ues corresponding to each condi tional expression are shown in Table 9.

56 Table 7 (Exanple 3)f =4.41 mm B =1.27 mmF = 2.88, 2Y= 5,41 mmBurface
No. R(nm) D Further, a phrase of “aperture portion for the light

(nmm) Ndvd12. 1091. 15| . 5318056. 024. 4080. 27St op~0. 763-1. 876l . 351. 5318056. 04-1. 0
080. 1056. 15870182t 5830030 061C 64481 38y ~D1iBOL 683003000 8ions7oTashe 8
Aspheric surface coefficient The 1st surface K -9.97640x10- 1A4

=- 2. 39800di=3 A0 ch 1ad 12 G0x19; 3AS: =75 94980n40- 8A16pc 4153280 2@+9Ah2=n
-5.11950x10-9 The 2nd surface K - 2.23320 x 10 A4 = -7.29240 x 10-3 A6 =
5.64450 XyH-h HB Fred. 23860 Xad Ot 2aMdRi s 1tB2870cxd4Q+31Tha3r drour taeeK
--3.74000x10- " A4 =-1.14890x10- A6 =-1.28530x10-1A8 =1.50210x10- 1A10=
-2.76770 4t b, su =5 2. 62840A4 =-1.37460x10- A6 =5. 85800x10- ZA8
2 oa e Tarae e e & 0251 0o Ox10- 4TheSth surf acek

--1.00000x10Z 32430x10- ZAB 950x 8 =-2 48990x1
-1.83750x10- 9A11irél tgleo%'l@oébt%sﬁe h @1 Oh @ ‘Tll%%%l ?Lo%&lgl Q%?%?éiﬁxlo
ZA6 =1.25510x10- ZA8 =- 1, 31700x10- 3A10= 1. 86700x10 5A12= -1, 99490x10-' 58

Tabl e 9 EBxanpt® Stage (@)¢F7va. 34@/%%)0%9‘}?%/ #0996 1P2y £ yR+uNit 15 not
v2)/2}-v326.0(4), (10)~R4~/f ~O0. 2@% 11) X - XO ; h=hmax h=0.7 x(2.4m)
-0. 8349 hmisgeD. 12%21(179 Lyop1ig gd gne F@ @ﬁa@xbhanah@rly vEBELEhewPR§ an
i mge pick-up
the optical axis direction of the image pick-up unit provided
with the above-described whole structures. Accerdingly,
when, for example, the housing is provided con the front
surface of the substrate and the electronic parts are
installed on the back surface of the substrate, it is assumed
that the distance from the leading edge porticn which is the
object side of the housing, to the leading edge portion of
the electronic parts which protrudes on the back surface, 1is
not larger than 10 mm.
A mobile terminal written in item 17 adopts the
structure which is provided with the image pick-~up unit
written in item 16.
According to the structure written in item 17, when the

image pick-up unit written in the item 16 is mounted, the

above-described size reduction, weight reduction are



lens arrangenent of Exanple 3. In the view, L1 is the first lens, L2 is the
second lens, L3 is the third lens, and S shows an aperture stop. Figs.
10(a), 10(b) and 10(c) are aberration views (spherical aberration,
astigmatism distortion aberration, neridional coma) of Exanple 3. (Exanple
4) The image pick-up lens data is showdd n Tables 10, 11, and nunerica
val ues corresponding to each conditional expression are shown in Table 12.
59 Table 10 (Exanple 4) f =5.42 mm fB= 1.00 nmF = 2.88, 2Y= 6.60
mrSur f ace No. R (mm) D
(nmm) Ndvd12. 4321. 251. 5891361 . 224. 9260. 52St op~0. 753- 2. 2492. 00l . 53180S6. 04-1. 2
340. 1057 3040 851. 6070027. 061 . 9660, 747~0. 301, 5163364. 18~ 8 209~g.301.5163364
. 110 FBIE A1 FPhidhs ot FRcke EBRR T cTBhE R THBN 16 EHFFallR FMage
-6.73890x10 1A4 =-4.82010x10-9A6 =-1.19920x10-4A8 =6.55890x10-5A10
=- 3. 26150dk 581 20 =5 IxeIeDI1 0l Bahe Pwdl sty f agek D8. 29R9HAZA=7. 03830x10- 3A6
=- 4. 86490x10- A8 =4.67580x10- 3A10 =-1.05940x10-3The 3rd surfaceK -2.23973A4
=- 3. 23190x10- 346 co12l 154y AX ez ABt mic th80O OxADE ze41 0i r=81 64290, xiBe' Thes4dt h
surfaceK --3.13150A4 =-7.73400x10- ZA6 =2.|8640x10-zA8 =-7.04910x10- 3A10
=1 . 07200X1éh SAlZe corfd 780X 19n5Thei bl h1 st f aceKL 2560826841 %413n9b44@x%0- ZA6
=5. 8660Dx10- 3A8 =-4. 57760x10 SA10 =1.24890x10-5A12 =-1.04620x10-The 6th

surfacek 59 48 3§%€QX1QD&A@he s§9é39éé9c§£§n of- 2A840%19:9A10
=1. 28S00x10- BALZ =- 6. 87570 Tabl'e" 12 Exanpl e

3%%32§8Lg§%f ?ﬁ%é%ﬁxégégﬁéfgngééé% %?% RS RRRRRS T R20 P2 6mm "0 8367

X hmax -0,2539(7)1/2Y1.18 Fig. 11 is an explanatory view show ng an inage
pi ck-up |%¥€ns" Thygenent of Exanple 4. In the view, L1 is the first |ens,

L2 is the second lens, L3 is the third |lens, and S shows an aperture stop.
Figs. 12(a), 1XW)thiis BROQUE - b erdat P bYie vieisa¢5prer PEHRTabarrati on,
astigmati sm distortion aberration, neridional cona) of Exanple 4. (Exanple
5) The i magetpick-up tlensfdatta 1enshaw the Tabtesd13ens4, gandratiren c&

val ues correspondi ng to each conditional expression are shcwn in Table 15.
62 Tabl e 13 (EXepleb)dber S¥d0ommprf Berd. 09nMieFsep@dr88sedY= Bubbher,
mBur f ace No. R(nm D

(mm) NdVd Ide O85de 30He 5891361225 4 7§90aﬂ9§hg@dlbb§§eén8€%é 461:5318056. 04- 1
. 1440. 1 057. 351 0. 851. 5830030. 061. 8580. 807 5163364. | 8~0. 209~0. 301. 51633

64.110 and the second lens, and the first lens has the shape in
which the convex surface is faced to the chjective side, and
the second lens is a meniscus shape in which the convex
surface 1s faced to the image side, the correction of the
lateral chromatic aberration or distorticn aberration can be
made easy.

Further, according to the conditional expression (1)
which regulates the refractive index of the first lens, when
the setting is made so as to be lower than the upper limit
value, the positive refractive index cof the first lens can be
appropriately maintained, and the size reduction of the whole

length of the image pick-~up lens becomes possible. On the



.63 Tabl e 14 Aspheric surface coefficient The |Ist surfaceK -2.67530x10-1A4
=-4.63610x10- 3A6 =-4.97610x10- 9A8 =2. 65860x10-5A10= - 1. 61 090x10- 9A12=

2. 008l 0x10-5The 2nd surfaceK --4.87757x10A4 --8. 77300x10- 3A6

=3. 24540x10- 9A8 =-1.29380x10- 3A10= 3. 23650x10-' The 3rd surfaceK

-6. 77720x10- 1A4 =2.57470x10- A6 =-3.072%Ix10- 3A8 =-2. 49| 00x10- 3A10=

1. 01490x10- 2The 4th surfaceK --3.0018l A4 =-8.57] 60x10- 2A6 =3. 39170x10-zA8
=-1. 62570x102A10= 4. 23280x10- 3A12= - 3. 38950x10-4The 5th surfaceK
--1.00000x10 zA4 --3.39660x10- 3A6 =-6.38250x10- 3A8 =2.08200x10- 3A10=
-2.80690x10-4A12= 9.1 1490x10-6The 6th surfaceK --1.00205x 10A4

=, 2342010-216,~3,4200 0x10_ 348 = 5, 17880+10- 910 4, 8L 430x10; AL2=
5(1),(8)fI/fl1.18(3),(9)f3/f-0.84(2)((vi+ _ ,

v2)/ 2} - v3ZB 6YAIEY 1OYMRA-T§ U2 (B S (R2F XELvROASRRAR L2V anmidex- of. 8964 h=0.7
X hmax - 0.22941(7)L/2Y1.18 Fig. 13 is an explanatory view show ng an i nage
pi ck-up |&nssarkangenemoboft&xahptees. thant heevhewesgarisonhe hnhdstheens,
L2 is the second lens, L3 is the third lens, and S shows an aperture stop.
Figs. l4(mgh l{d)r anshdA{ €] aslecBbetiahi 6n ¥o@WS (RPBRr yeakrabesr ahi on,
astigmatism distortion aberration, neridional cona) of Exanple 5. In the

exanpl es dhe Zr@and 3iedde Eid She | RS AREsEREsggeond lens are forned of
pol yorefine plastic material, and e saturation absorption coefficient is

not |arger tha T pord | i f b t
plastic materi ;Eu?tgﬁ t h&éa%ygq ig&nsta]t%go(lf%?élgénﬁ%gae f?%f%%%yfgﬁ 0?%8 fo
Herein, b c%%fe, in the Iastﬁc | ens, the sa uratign §b30£§iion coefficient
is |ager than % He'giHss Tens " WHER" Hbr Gt “huhtait §* chdhg&"8eEurBa9the
unequal distribution of 65 the water absorption anount is transiently
gener at e FHR e efTEEE Ve TikfexS Yoot fiot S HEEOFeSAnfF oF iy PBnY2EHBEe is a
tendency that a good i mage fornmati on perfornmance can not be obtai ned.

Ther ef or &shdprthsuplprvessi hgntthevperd or Manicex det erhoputton doerratihe

hum dity change, it is preferable that the plastic material whose

sat ur at i cmdvatere s oriptommat i aotrtratgen tdanbd. FJorrsctusédwith the above
Exanple 4, the first lens L1 is formed of glass material. The second | ens

L2 is forped -ofapolyor efriune nRlrgstinenmatrer idstand the sadpratdon-nat er

absorption is not larger than 0.01% and the third lens L3 is forned of

pol yest er,plasty Gyaterial . 1 and 4 he, sat urath oppWat s 1ens material
which is practically not appropriate, can be excluded.

According to the structure written in item 2, when the

setting is made so as to be larger than the lower limit value
according to the conditional expression (3) to regulate the
refractive power of the third lens, the negative refractive
power of the third lens can be appropriately maintained, and
the size reduction of the whole length of lens and the
correction of the off-axis aberrations such as the curvature
of field or distortion aberration can be finely conducted.

On the one hand, when the setting is made so as to be lower

than the upper limit value of expression {3), the negative




.absorption is 0.7s. Further, in the above Exanple 5, the first lens L1 is
formed of glass material. The second lens L2 is fornmed of the pol yorefine
plastic material, and the saturation water absorption is not |larger than
Odo, and the third lens L3 is formed of polycarbonate plastic materi al,
and the saturation water absorption is3® 4% Further, because, in the
plastic material, the refractive index change is |large at the tine of
tenperature change, in the case where all of first lens L1, second lens L2,
and third lens L3 are structured by the plastic |enses, 66 when the '
peripheral tenperature changes, there is a problemthat an image point
position of the whol e i mage pick-up. lens systemis varied. In the img

pi ck- up G tTatavi iy RHEsgeki Fre athorc i hewhi th ?ﬁFstPﬁab@IBSFthEBSFpPon
variation can not be neglected, for exanple, the positive first lens L1 is
made a | ey doramd ofet @@I@s@rm@rmtawﬁ@)rw}eﬁaﬁptb? ghabs Adbhd |ens),
and the positive second lens L2 and the negative third lens L3 are forned
of the pliastgec-fieenses,cranthavhemaddeptek+act swef povepeal bbtpabt pbytwbnch t he
i mage point position variation at the time of tenperature change is

cancel | edOUthe isoaRPld €the thhSgDiOb pEMOR ¢ | hest epPenatHr ee6pakagheri stic
can be lightened. T~Then the glass nold lens is used, in order to prevent

t he weari [ al b
desirabléﬁ%%g%x%ﬂﬁﬂﬂ%ggggﬁé?%%|a%iﬁ%%%grg?aégg%%%ﬁ§f$?g%bp%?n%h%Tg? ?s not

| ar ger than, 900 400 cent | rade |s used. Further, recently, it becones
cl ear thé?i% q‘ q%ég%%lc |nga% %Ies %re m xed in the plastic materia
and the tenperature change of the refractive index of the plastic mat eri al
can be suppress$&F&GHENY gE\f‘i’héﬂh T Tt et i 17 Yedr i IVlewhen fine
particles are mxed in the transparent plastic material, because the

scat t er i MPrSil BN dd ghtP s Yedrer bt ed Adcl her epansi 5eyohatast of is

| owered, it is 67 difficult to use as the optical material, however, when
t he sizeeﬁdsdﬂutéiv&iqﬁﬂ@i(ﬂheismrmmkms@nii@iu$haﬁ aneimagelehqeh of the
transm ssion light flux, it can be realized so that the scattering is not
practi calduyrm@enerat ethe Addough e, thel phasthst neherrakravwbeRet Bewer
tenperature rises, the refractive index is |owered, in the inorganic

particl es,s when ithed gmatatiy e id seseofder Ll ragtiye tBQ%akéekn%gﬁsed
Accordlngly, by using 't hese tenperature dependencies, by naking them

actuate |ve |ﬁ%§¥ QﬁwgaQ&ﬁﬁhﬁﬂafuflgﬁgh t%ﬁé of% g@sbﬁy gllzed t hat

the refrac ex thange T's hardly generate Speci fical when t he

i norgani c..particles whos mum | ength is not |arger. than 20 n re

di sper sed 1R Ehe i 4211cE el 67 131 HS {RES AP FaTerf af 27 net pPASraS

mat eri al mhose t enper at ure dependency of the refractive index is very |ow
i s formedForCEanplie t \iffeh g i Hie Pt tTEPERSDEORI bbt Um BRTHRSTRBL®S) 1hr e
di spersed in acrylic resin, the refractive index change due to the

t enper at wiew dhgércaebe Tvetes S, e téreppeesept isivehson, when the
plastic material in which such an inorganic particle is dispersed, is used
for one agfréXeailta edansest{dlqut2)tuos aflltliod tenses pldnel2s L3k, the
variation of the imge point position at the tine of 68 tenperature

change ofcddesmwhol & iomB@e picek- lﬂ)@dcﬁn&h%tﬁtﬁinlcsamﬁ%ﬁmrﬁsﬁﬁi 1SR 1 -
Further, the above exanples |, 2 are design exanple in
limit value, the refractive power of the curvature radius of
The image side surface of the second lens can be adegquately
maintained, and the various off-axial aberrations generated
in the third lens with negative power can be corrected with a

well-balance. Moreover, a securement of the telecentric

characteristic of the image side iight flux can be made easy.



Wwhich the optical |ow pass filter or infrared ray cut filter is not
arranged on the inage side of the inmge pick-up | ens, however, the exanple
3 is a design exanple in which the infrared ray filter F in which the
infrared cut coating is conducted on the object side surface, is arranged
on image side of the image pick-up I ens3 Further, the exanple 4 and the
exanple 5 are design exanples in which the infrared ray cut filter F and a
seal glass P of the solid-state imagi ng el enent package are arranged on the
i mge side of the image pick-up lens. O course, for each exanple, the
optical low pass filter may be arranged at need. Further, in the present
exanple, as for the telecentric characteristic of the inage side |ight
flux, it the mdrrs Wiy Shurficitentefesith. tHoweRer2d |+ e F eRent

engi neering, by re-consideration of the color filter of the solid-state

i magi ng elveweririoe larshargeneiith ofn g o desss wew aye tween shgihngagdnthe

| i ght ened, and when an angle fornmed between the chief ray of light and the
opti cal axihernisalotaHeargeri drhaor admwd Emératde jrertiphefalspoiénsncef t he
i mage pick-up surface, also the solid-state inmaging elenent in 69 whi ch

conspi cueus pehadifmadis, ndrgenesated, is devel oped. Accordingly, the
present exanple is, as for a degree in which the requirenment of the

tel ecentric Chracheustic ipSaldLhnad AN QX HIPlgd dh Wl e & Lug L her

si ze reduction 1§ ained. at is claimed 1s: I. An 1 mage pickup lens

conprising in qrder_.from.an object., side of the i e_pickup, |l ens; first

| ens havinjﬂﬂ%ﬁ%ﬁ\ﬁ?%&ﬁ%%ﬁﬁq\éf[ﬂﬁﬁﬁoﬁﬁk%%5%%%%g§9%%$f§§e“ %cgéo%ﬁe obj ect
side of the imge pickup | ens; an aperture stop; a second |ens having

posi t i ve FéfISadtive Powst wost Torvdx Rurfdce $4tesy anCthage®si de of the

i mage pi ckup I ens; and a neni scus-shaped third | ens having negative
refracti ve powBEORiesaccocdve sirfata feaacast T g & de 0P ¢S e mage

pi ckup | ens, wherein the image pickup | ens satisfies the foll ow ng
condi ti ortdle exppessifongie Kid st fldrds <Rl Ocid)s20ord ({ands +1923/2) - v3 < 70
(2) where fl is a focal length of the first lens, f is a focal length of a
total sysfemeafritdia igrage: plickupd effssrMird Ssthe Hobesconstant ohethe first

l ens; v2 is the Abbe
spherical aberration or coma, generated in the first lens,
can be more finely corrected.

Turther, it becomes a structure in which the lateral
chromatic aberration or distortion aberration of the whole
image pick-up lens system is more easily corrected.

According to the structure written in item 5, because
the third lens is a meniscus shape in which the concave
surface is faced f¢ the image side, the main point position
of the third lens can be moved to the image side, and while
the whole length of the lens of the wheole image pick-up lens
system is reduced, the sufficient back focus can be secured.

Further, because ailr lens between the second lens and

the third lens becomes a both-concave shape, by its positive



.71 canstant of the second lens, v3 is the Abbe constant of the third |ens.
2. The image pickup lens of claim1l which satisfies the follow ng

condi tional expression: -1.5 < f3/f < -0.5 (3) where f3 is a focal length
of the third lens. 3. The inmage pickup |lens of claim1l which satisfies the
foll owi ng conditional expression: 0.1534 ~R4~/f < 0.4 (4) where R4 is a
curvature radius of an inmage side surface on the second |lens. 4. The i nage
pi ckup lens of claim1, wherein the first | ens has a neni scus shape whose
convex surface faces the object side of the optical lens. 5. The inmage

pi ckup lens of claim1, wherein the third | ens has a neni scus shape whose
concave surface faces the image side of the optical lens, . 72 6. The i mge
pi ckup | &7 IS ROME Yh e o ST $rfge” st bel'2ar Fat@CdREEhe third |ens
satisfies the follow ng conditional expression: X - XO < D (5) where X is
an aspherdhgglaciatigdel @i shl dee rergh whi b | SnggeehooneX ari shal shgdan
optical axis of the imge pickup lens with an origin of the X axis pl aced
at an apex df-urhesumbge: siadel swfaceaftide ohitlde | enbidnstsaei shagsnghe
followings: z _ h~ 6 X 1+ 1-(1+K6) hz/ R6z+ "~~~ (6) XO is a displacenent of
rotati onadycgiad icarsWd agpi£ampopent of the aspherical surface which
satisfies the followings: z~,, XO= h"'6 (7) 1+~-(1+K6)hz/R6z h is hei ght

al ong an ar bi t,az@é;rgﬁ@%ﬁtﬂoo%%er&emt%@rwmﬁéw optical @xignéndene

satisfies hmax x < hmax, hmax 1s the largest effective radius of

the third|.ens, M. "%hai A horder, of an a3pheri e gogllielento9f +1Bg.Lmae
si de surface of the tThitd Tens,
at the most image side, is made an aspheric surface shape
which satisfies the conditional expression (4), the
gsecurement of the telecentric characteristic of the light
flux image-formed on the image pick-up surface peripheral
portion of the scolid-state imaging element can be made easy.

According to the structure written in item 7, when the
first lens, seccond lens, and third lenses are structured by
plastic lenses produced by the injection molding, even when
they are lenses whose radius of curvature or outer diameter
is small, the mass producticn becomes possible.

Further, because the formation of aspheric surface is
easy, the aberration correction can be easily and accurately
conducted.

According to the structure written in item 8, when the

image pick-up lens by which above~described each effect can

be realized, is mounted, the image pick-up unit provided with



.R6 is a curvature radius of the inmage side surface of the third | ens, and
73 K6 is a conic constant of the inage side surface of the third lens. 7.
The image pickup lens of claim1, wherein the first |lens, the second | ens
and the third lens are fornmed of plastic material. 8. The image pickup unit
conprising: a solid-state inmaging el en@ht having a photoel ectric converting
section; an inmage pickup lens of claim1 for focusing an object imge onto
t he photoel ectric converting section of the solid state i mging el enent; a
substrate hol ding the solid-state imagi ng el enent and havi ng an ext er nal
output termnal for transmtting and receiving electric signals and a
housi ng conmprising a |ight shielding nenber and havi ng an. opening for an

i nci dent A9VGRE 3@ U oM itate GGV e EFEE F b ed i n one

uni ted body, wherein height of the inmage pickup unit along an optical axis
of the i megaagiickupd érisg% sty e i eivercan bRt ©EOoRL¢RBi | e term nal
conprising the inmage pickup unit of claim8. 10. An image pickup |ens
conpri sing in erderdingmtan toley edttrisitade eofwrtihe dnmage ipieokup, |vemen tBhdir st

| ens having positive refractive power whose convex surface faces the object

si de of tihe demROe RhGKUMiENS; WAl aPedife-&d 0P i dedd Sk ust seapedasecond
| ens having positive refractive power whose convex surface faces an inage

side of the iJdpge Pi ckup | ghsse fNdae tdind d.ans, havidgs negatiyecf ebractive
power whose concave surface faces the 1nage side of the image pickup |ens,
wher ei n tarrll% iw@%%tpirce@lpctlieor%ﬁ Slf%le! %ﬁébef'lé hteeEIgjll_Ilié)J\_Mlg'}g which the high
image quality image pick-up can be conducted, can be
provided.
According to the structure written in item 10, the
first lens, second lens, and third lens are lens compositicn
of so-called telephoto type, and the size reducticn of the
whole lens length can be intended, and the aberration can be
finely corrected.
Further, because the positive refractive power is
allotted by the first lens and the second lens, generaticn of
the spherical aberration or coma can be suppressed. Further,
because the aperture stop 1s arranged between the first lens
and the second lens, and the first lens has the shape in
which the convex surface is faced to the objective side, and
the second lens is a meniscus shape in which the convex
surface 1s faced to the image side, {the correction of the

lateral chromatic aberratiocn or distortion aberration can be

made easy.



.condi-tional expressions: 0.8 < f1/f <2.0 (8) -1.5 < f3/f <-0.5(9) where
fl1is a focal length of the first lens, f is a focal length of a total
system of the imge pickup lens, and f3 is a focal length of the third

| ens. 75 11. The image pickup lens of claim10 which satisfies the
followi ng conditional expression: 0.1536 ~R4~/f < 0.4 (10) where R4 is a
curvature radius of an inmage side surface on the second |lens. 12. The i mage
pi ckup | ens of claim 10, wherein the first |l ens has a neni scus shape whose
convex surface faces the object side of the optical lens. 13. The inmage

pi ckup I ens of claim 10, wherein the third |lens has a nmeni scus shape whose
concave surface faces the image side of the optical |ens. 14. The i nage

pi ckup | ens of FSIATRIMRPLE Svh&Y€i T ET meyet R deP>dt F e bf SXPESEREPH | ens
satisfies the follow ng conditional expression: X - XO< 0 (11) where X is
an aspheri“al v8urdhaces ot et eent tevbi eht i ge ghvear onl Xthgi §iabongenn,
optical axis of the imge pickup lens with an origin of the X axis pl aced
at an apesheof thlee damagesiide wadd ace ©f thebé hiodetensaandhsatipséies the
76 followings: z h~6 ~r X=+ A h (12) 1+ 1-(1+K6)hz/ R6= XOis a

di spl acenemti ofvai0tat ianalpsiiaeide saif facei conponent o of thberaspher kaal
surface which satisfies the follow ngs: h~ G XO=1+ |-(1+K6) hZ/ R6= (13) h is

R R S i R D e ek
the thirdendord 1ehderd LAY Qa0 aspneri ¢ Sosfilelent ShoLhbg:. .
Cn the one hand, when it exceeds than the lower limit wvalue,
the refractive power of the first lens is not too large than
the necessary one, and the higher order spherical aberration
or coma, which generates in the first lens, can be suppressed
small.

Further, the conditiocnal expression (22) to regulate
the refractive power of the third lens, when the setting is
made so as to be upper than the lower limit walue, the
negative refractive power of the third lens can be
appropriately maintained, and the size reduction of the whole
length of lens and the correction of the off-axis aberrations
such as the curvature of field or distortion aberration can
be finely conducted. On the one hand, when the setting is
made sc as to be lower than the upper limit value of
expression (22), the negative refractive power of the third

lens is not too larger than the necessary one, and there is

no case where the light flux image-~formed on the image pick-



.image side surface of the third lens, Ro is a curvature radius of the inmage
side surface of the third lens, and K6 is a conic constant of the inage
side surface of the third lens. 15. The imge pickup | ens of claim 10,
wherein the first lens, the second lens and the third |l ens are forned of
pl astic material. 77 16. The image pi3ckup unit conprising: a solid-state
i magi ng el enent having a photoel ectric converting section; an inmage pickup
| ens of claim10 for focusing an object image onto the photoelectric
converting section of the solid state imging el enment; a substrate hol ding
the solid-state inmaging el ement and having an external output termnal for
transmtting and receiving electric, signals; and.a_housi ng rising a
| i ght shi‘8 cﬁurﬁgfarféenﬁéer %%l%r%o%p%ﬁ%ef%?laﬂ FEEFﬁeh‘Faggﬁﬂt entering
fromthe object side, which are formed in one united body, wherein height
of the i rmdgEgsi ok P lGngl srPoptikal thyi seonr @Iﬁ@ntnﬁéetbﬁckup lens is
10 mmor lower. 17. A nobile term nal conprising the inage pickup unit of
clai m16.telecentric characteristic of the image side light flux can
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- the third lens is a meniscus shape in which the c¢oncave

surface 1s faced to the image side, the main peint position
of the third lens can be moved to the image side, and while
the lens whole length of the whole image pick-up lens system
is reduced, a sufficient back-focus can be secured.

Further, because an air lens between the second lens
and the third lens is both concave shape, by 1ts positive
refractive power, the securement of the telecentric

characteristic of the light flux image-formed on the image
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10 @BR8&EE Ml /side surface of the third lens positioned closest to
the image plane is made an aspheric shape which satisfies the
conditional expression (24), the securement of the
telecentric characteristic of the light fluﬁ image—-formed on
the image pick-up surface peripheral portion of the sclid-
state imaging element can be made easy.

According to the structure written in item 15, when the
first lens, second lens, and third lenses are structured by
plastic lenses produced by the injection molding, even when
they are lenses whose radius of curvature or outer diameter
is small, the mass production becomes possible

Further, because the formation of aspheric surface 1is
easy, the aberration correction can be easily and accurately
conducted.

According to the structure written in item 16, when the
image pick-up lens by which above-described each effect can
be realized, is mounted, the image pick-up unit provided with

advantages such as size reduction, weight reduction,

formatien of high image quality, can be provided.
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image quality image pick-up can be conducted, can be
provided.
According to ¥Fig. 1 and Fig. 2, embodiments of the
present invention will be described below. Fig. 1 shows a
perspective view of an image pick-up uvnit 50 which is the
present embodiment, and Fig. 2 is a view in which a cross
section along the optical axis of an image pick-up coptical
system of the image pick-up unit 50 is typically shown.
The image pick-up unit 50 is provided with a CMOS type
image sensor 51 as a solid-state imaging element having a
photoelectric conversion section 5la, and an image pick-up
optical system 10 a&s an image pick-up lens by which an object
image 1s image picked-up on the photoelectric conversion
section 5la c¢f this image senscr 51, a substrate 52 having a
terminal 54 for external connection which holds the image
sensor 51, and conducts sending and receiving of its electric

signal, and a housing 53 as a lens barrel which has an

aperture for light incidence from the object side and is
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secticon 5la as a light receiving section in which, in the
central portion of a plane on its light receiving side, the
pixel (photoelectric conversion element) is second
dimensionally arranged is formed, and in its periphery, a
signal processing circuit 51b is formed. 3uch a signal
processing circuit is structured by a drive circuit section
by which each pixel is successively driven and a signal
electric charge is obtained, A/D ceonversion section by which
each signal electric charge is converted into a digital
signal, and a signal processing section by which an image
signal ocutput is formed by using this digital signal.
Further, in the wvicinity of periphery of the plane on the
light receiving side of the image sensor 51, many number of
pads (drawing is neglected) are arranged and connected tc a
substrate 52 through a wire W. The image senscr 51 converts
the signal electric charge from the photc conversion section
5la into an image signal such as a digital YUV signal, and
outputs it to a predetermined circuit on the substrate 52
through the wire W. Herein, Y is a luminance signal, U ( = R

- ¥Y) is a color difference signal between red and the
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The substrate 52 has a support plate 52a to support the
image sensor 51 and a housing 53 on its one plane, and a
flexible substrate 5Zb whose one end porticon is connected to
the rear surface ({(cpposite side surface to the image sensor
51} of the support plate 5H2a.

The support plate 5Za has many number of pads for
signal transmission provided on front and rear surfaces, and
on its one plane side, 1t is connected to the wire W of the
above-described image sensor 51, and on rear surface side,
connected to the flexible substrate 52b.

In the flexible substrate 52b, i1ts one end portion is
connected to the support plane 52a as described above, and
the support plane 5Za and the external circuit {for example,
a control circuit which is possessed by the higher device in
which the image pick-up unit is mounted) are connected
through the external output terminal 54 provided on its other
end portion, and the flexible substrate receives the supply

of the wveltage for driving the image sensoxr 51 or clock
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5Z2a, for the sense or arrangement of the external ocutput

terminal.

The housing 53 is fixedly equipped on the plane on

which the image sensor 51 on the support plate 5Za of the

substrate 52 is provided, by adhesion, under the condition

that the image senscor 51 is housed in its inside. That is,

the housing 532 is formed in such a manner that a portion on

the image sensor 51 side is widely opened in a manner that it

surrounds the image sensor 51, and the other end portion is

formed bottomed-cylindrically having an aperture, and on the

support plate 52a, the end portion on the image sensor 51

side is contacted with and fixed on it. Further, the end

portion on the image sensor 51 side of the housing 53, may

also be contacted with the periphery of the photoelectric

conversion section 5la on the image sensor 51 and fixed.

Further, the housing 53 is used in such a manner that

the other end portion on which an aperture is provided, is

faced to the object side, and inside the aperture, an IR



810%@ () - 109%@& ()-! 10%@& ()- 10%@& ()-fWiff gHgdEYNC 10@, " 10%@& () -
10%@& ()- (9109@& ()- \&L10%@& ()-V$10%@& ()-3"]! 10%@& () - Hgggg+hf hhhhdE: /
10@ 10@®J 109%@& ()-v7M 10%@& ()-S5 10%@& ()- 0310%@&' ()-1 10%G& ()-.
10%@& ()-hhhh"i\iiixY:/ 10@! 10%@& ()- P 10%@& ()-J 10%@& ()- P 10%@& () -
"109%@&' ()-, 10%@& ()- 10@jAjjjjdE/ 108 L10%a& ()-d
109@E () - 10%@& ()- P" 10%@& ()- 10%@& ()- }10%@& ()-j kYkkkk | dE:/ 10@
L YLO%@E () - * GLOY@E' () - (M 10%@& () - y&M 109%@& ()- V$! 109%@& ()- 3" 10%&& () -
KT xnbC 10@ 10%@& () - 10@ 10@ 10@5WL0%@: () - 03

10%@& ()-1j ! 109%@& ()-.! 10%@& () - | nLmmm ndEnbC

B A

oxX0dEnmbC

i1109%@& ()-i!10%@& () - 10% - 1094 ) @ 0%a& () -xoo00pQpppdEMC _

10@3"100£§y§ emrl@@@ﬂh(yl d@ﬁg@p f@%éﬁt@FJ is provided. Then, in

y&y10%a& () - VS10%@&' () - pquqqqqqquNC 10@10@ 10@ ,

10@j ! 109 (Rovzingoi@d, ( FhS5ImEQe@RiCk-— 103 0¥ ERa() Sybtem 10 is housed

10%a& ()-qqrJdrrrsdEYNC 10@< 10%@& ()-6!10%@& ()-"10%@& ()-"10%@& () -

109 () - and OB@RA( ) - s8svsss!t Xt dEYNC 10@ 109%@& () - |

10%@& ()-y109@&' ()-i!109%@& ()-"10%@& ()- )10%&& ()-XttttttuaBYNC 10@

(109 () - The image pick-up optical system 10 has: the IR cut
filter 23 preventing the incidence ¢f the infrared ray from
the cbject side; the image pick-up lens in which the first
lens Ll having the positive refractive power and facing the
convex surface to the object side, the meniscus shaped second
lens L2 having the positive refractive power and facing the
convex surface to the object side, and the third lens L1
having the negative refractive power and facing the concave
surface to the object side, are arranged in the order from
the object side; and the aperture stop S arranged between the
first lens L1 and the second lens LZ2.

This image pick-up optical system 10 structures the
aperture stop 5 and each of lenses L1, L2 and L3 as the
optical system, and conducts the image formation of the
object image on the solid-state imaging element. Further, in
Fig. 1, it is defined that the upper side is the object side

and the lower side is the image side, and the dashed line in

Fig. 2 is the optical axis common to each of lenses 11, L2

and L3.
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from the cutside as small as possible, may also be provided

cn further object side than this IR cut filter 23.

The aperture stop S is a member for determining F-
number of the whole image pick-up lens system.

Fach of lenses L1, L2 and L3 is housed in the housing
under the condition that its optical axis and the central
iine of the housing 53 are coincident,

These lenses L1, LZ and L3, although the drawing is
neglected, for example, a range from the center of each to a
predetermined range 1s set to a range of the effective
diameter having the function as the image pick-up lens, and
an outside portion from that may also be set to a flange
porticen which does not function as the image pick-up lens.

In this case, each of lenses L1, L2 and L3 can be held in the
housing 53, when the outer peripheral portion of its flange
portion is pubt on a predetermined position of the housing 53.

Recently, the size reduction ¢f the whole image pick-up

device is made an object, and even when it is the image pick-

up element of the same pixel number, the image pick-up
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same image angle, because it 1s necessary that the focal
length of the whole system is shortened, the radius of
curvature or outer diameter of each lens becomes considerably
small. Accordingly, the processing is difficult in the glass
lens produced by the polishing processing. Accordingly, it
is desirable that each of lenses 11, L2 and L3 is formed by
the injection molding by making plastic as the raw material.
Further, as the image pick-up device, in the case where it is
desired that the position variation of image point of the
whole image pick-up lens system at the time of temperature
change 1s suppressed small, it is desirable that the first
lens is formed of a glass mold lens.
Further, the detailed specification of each of lenses
L1, LZ and L3 will be described by using a plurality of
specific examples in examples which will be described below.
Further, although the drawing is omitted, a light

shielding mask may also be arranged between the IR cut filter

23 and the first lens L1, and between the second lens L2 and
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of the effective diameter of the image pick-up lens of the
second lens L2 and the third lens L3, and the generation of a
ghost or flare can be suppressed.

A mode of use of the image pick-up unit 50 will be
described below. Fig. 3 shows a situation in which the image
pick-up unit 50 is eguipped to the cell phone 100 as a mobile
terminal or image pick-up device. Further, Fig. 4 is a
contrel block diagram of the cell phone 100,

In the image pick-up unit 50, for example, the chiject
side end surface of the housing 53 in the image pick-up
optical system is provided on the rear surface (liguid
crystal display section side is a front surface) of the cell
phone 100, and arranged at a position corresponding to a
below portion of the liguid crystal display secticn.

Then, an external connection terminal 54 of the image
pick-up unit 50 is connected to the control section 101 of

the cell phene 100, and an image signal such as a luminance
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10%@& ()-V6j dE:/ 10@ 10@ 10%@& () - 710%@& () - p5J 10%@& ()-

L3y1094@ 63y io00@RI( pi8k 109%@ ()-; vxY:/ 10@" 109%@& ()-6 109%@& () -

F109%@ ()- 109%@& ()- "109%@& ()-, 10%@& ()- 10@ dE:/ 10@j' 109%@& () -

F10%@& () - 10%@&04 ) thd OUCE Land OV Cr1h YRAUEE Qno8t 43dEshown in Fig.

10@ 1 109G ()-*" 100G ()- (10%& () - y&p10SAE ()- V8! 10% () -3"1 109G ()-"Z:
<=>AybC 10@ 4004 &( k- c ELAY&-C) onl10%h& 6l L@@ 1Q@, 104@ () - m

/| FLO%@& () - - bl dEbC 10@

109 & () FBT00 5" 757100 80 T 16RF RO 11100 £°0) TP one T A
program corresponding to each processing; input section 60
for instructing and inputting a number by a key; display
section 70 for display a picked-up image other than a
predetermined data; wireless communication section 80 for
-realizing each kind of information communication between it
and external server; storage section (ROM) 91 which stores a
system program of the cell phene 100, each kind of processing
program and necessary data such as terminal ID; and temporary
storage section (RAM; 92 which is used a working area for
temporarily storing each kind of processing program conducted
by the contrel section 101 or data, or processing data, or
the image pick-up data by the image pick-up unit 50. Then,
an image signal inputted from the image pick-up unit 50 is
stored in the storage secticn %2 or displayed on the display
section 70, by the control system of the cell phone 100, and
furthermore, transmitted to the outside as an image
information through the wireless communication section 8C.

[Example 1]



dYNC 10@10] 10] 10])1"10% & ()-P/!110% & ()-,10% & ()-*"10% & () - (

109 & () - MUWEYNC 10@ Y! 10%@& ()-6J 109%@& ()- Oyl0%@& ()- 10%@& () -

"10%@& () -1 10%@& () - 3MVJEYNC 10@, ! 10%@& ()-) 10%@& ()-! 10%@& () - 10%@& () - f
10%@& () -| v10%@& () - V8t dEYNC 10@-' 10%@& ()-*! 10%@& () - (J

10%@& () - &109%@& ()-s$- 10%@& ()-P" 10%@5()-)ddE:/ 10@

10@®10%@& () - 7m' 109%@& () - p5J 109%@ ()-L3

109@& ()-) 1! 109@& () -#/ | 109%@& () - P~xY:/ 10@cl0%@& ()- 6" 10%@& () -

109%@& ()-1109%@& ()- 10%@& ()-, 10%@& ()- 10@K4dE / 10@,

10%@& ()-4109%@& ()-'!10%@& ()-! 10%@& ()-10%@& ()- |)10%@& ()-4qHIE:/ 10@

109 () - *10@@&.() (10%& ()-& 109%@& ()-s$i!10%a& ()-P'!10%@& ()-4rdE:/
10@ ext., the specificaticn of the image pick-up lens will

10@* 10%@& () - 7! 10%@& () - p5" 10%@& () - L310%@& ()-) 1! 10%@& ()-/! 10%@& () - (bTx
Y:/ 10@ vBOW&s(yibeQvp&CEydingofs erampOs&'l( )~ 5, HiMelle(y),- ,eE0% &1 ) -
10@sdE: /| 10@yé& 109 & ()-39$"10% & ()-3"i ! 10% & ()- !10% & ()- 10% & ()-|
109 & () - Kd&Ec£ £185£10h910% &of) 1¥hiteH &o hiSh108k &af ) 08.3;@%3&%(1) ukkd
1094 & ()-. 109 & ()-4qxY:/ 10]< <10%0& () - 10%0& ()-" 10%& () - nt 10%& () - 3

}gggﬁkf%3%g?§§%§%éf%?%bdoa%§ ?%Okﬁ%O%O& ()- 10%0& ()- '10%0& ()-.bLdE:/
f: Focal length of the whole image pick-~up lens system
£B: Back focus
¥ F-number
2Y: Image pick-up surface diagonal length of sclid-state
imaging element
R: Radius of curvature of a refractive surface

D: On-axial surface interval of refractive surfaces
Nd: Refractive index in d-line of lens material
vd: Abbe’s number of lens material

Further, in each example, the shape of aspheric surface
is shown by the following expression expressed by the
fellowing (27), where an apex of the surface is the origin,
and X axis is set in the optical axis direction, height in
perpendicular direction to the optical axis is h, apex radius
of curvature is R, conical constant is K, and i- order

aspheric surface coefficient is Ai.

2z
- /R £y ap (27)
1+ J1-(1+ KR/ R

(The 1Ist example)
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10%08’ () - 9nM dEbC 10] 10981 & () - <
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109%@& () -y&J 109%@& ()-"10%@& ()-yl0%@& () - 10%@& ()- UJEYNC 10] v7" 10%@& ()-
S510%@&' ()- 03! 10%@& ()-1) 10%@& ()- [/ 10%@& () -, @O%E& () - EbC 10]! 1096 & () -
10981 & ()- ! 1098he&’ {Jage0pste-1p- 1e0@ 10@ 10 @ S10MEE: () TepdEBCL and 2,

10] s$109%I1 & ()-3""10%8l & ()- m' 1098l & () -
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10]) 110981 & ()-/1 10981 & () -, 10981 & ()-** 109! & () -

(10%] & (2xgtO¥B &n () =8anxaCi 20rhL0UBRLE () - 10%1 10l

Table 1
(Example 1)

f=23.81mm, £fB = 1.65 mm, F = 2,88, 2Y = 4,61 mm

Surface No. R {mm} D (mm) Nd vd
1 1.8183 1.00 1.53180 56.0
2 3.713 0.25
Stop oo 0.62
3 -1.687 1.22 1.53180 56.0
4 ~-0.900 0.10
5 65.800 0.78 1.58300 30.0

1.534

Jo




10$1 9j 1 10981 & ()-v7 109! & ()- p5109%l & ()-L3@0%Il & ()- ~pTdEnbC 10]

10981 & ()-v! 1096l & ()-S}1098l & ()-Y L10%I & ()- V109l & () -

"10% & ()- TOVdEnDbC 10]1""1098! & ()-1 !10%l & ()-& ! 109l & ()-J 1098l & () -
1098! & ()- 109! & ()-,j dEnbC 10] 7 109! & ()--" 109! & ()- W

10981 & ()- (" 109! & ()-&) 1098l & ()-$" 1098l & ()-MC 10] 0" 10%| & () -

10981 & ()-< 1098l & ()-f 109l & ()- 10%l 10%l 10%$! 91098| & () - +7pdEbC 10] <
10981 & ()-1g 1098l & () -1 mMo%sl & ()-S10%l & ()-v10%l & ()-Sp1l09sl & () -6ndEbC
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1098] & ()-1 & 1098| & () - YdBbC 10] ! <
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P" 10%wbw& () - 3! XP" 10%008' () - 3f 10908 ()- 10$l 10$l 10$1 9: 10%81 & ()-] @\ =

10] ) 2+" 10%0&' () - HLO%O&' () - HIEQSHES: i(Q) -HInDReEs’ €)= FLOU8Y ) - He; ~\ =

10] ) 2+10%0& () - HLO%O&' () - HLO%O& () - HL10%0&' () - HLOYO& () - Hi ?~\ =

10])) ?+10%08' {3+ HIOAORE € ) - HLOYOK'K ) - +H1 0% 5(7)2-cHEO %" () - H

S| * 10%0&' () - H+) ?2+10%08' () - HLO%O&'2(4) - H109608 %) & t1Q %083 ) - HLOYO&' () - H

| #dE* 10%08 (10%08' () - H) ?+10%08' ( ngH10%08 () HIDUOS (F- HLOYOE () - Hi#* | 7<=2Z@
10%0L0%08! () - H) ?+10%08! () - HLOYOR a(g) - HLOUOK 4 ~dHEO%R&> () - HPFKLMNPAE* 10%010%0
& () - H+) 2+109%08 () - HLO%O& () - HLOYRR () - HLG%R% o ), HRVE chi kZ@ 10%010%0& () - H)
2+10%08& () - HLOY%O&' () - HLO%O&' () - HI09%0& () -"HKgr'st uvvixi PE: 10 100

10010908 () - H) 2+10%08" () - HLO%OS () - HLO%OE ().~ HLOYQE () - Hxy| qQL: 10986 & ()-- 1
0986 & ()-@%%J%‘ ?S%aé‘ziow% & ()fK F 10(%31:%8(0)@4- 10986 & () -

100 ?1: 110986 & () -- 10984 & () - - 109 & () -L- %% )L £31 10086 & () - - <1: #310%
9% & ()--10986 & ()-- 10996 & () -- 1098 & () -2 #F D0 #310%6 & () - - #310986 & () - - 10
096 & ()--10986 & ()--10988 & ()--{ P #! | 1hogb#50 = 10

& ()-109%8 & ()--#3109%84 & () - - 10988.& € —21.09800 (0 -10&" ()| _; 1: #3P" 1098 8

& ()-P'1098 8 & ()-!P'10%8 8

The 3rd surface K = -1.94220 x 107*
A4 = -2.56700 x 107°
A6 = -2.35200 x 107t
A8 = 3.40250 x 1071
Al0 = -7.14810 x 107°
The 4th surface K = -2.82330
A4 = -2,17930 x 107*
A6 = 1.31190 x 107
A8 = -B.59110 x 1072
Al0 = 2.63410 x 107°
Al2 = 6.50500 x 107°¢
The 5th surface K = -9,76570 x 10
B4 = ~6.25440 x 107°
A6 = 3.00290 x 107°
AR = -4.572%0 x 107°
AlC = =-2.41900 = 107*
Al2 = 5.36600 x 107°
The &th surface K = =1,09320 x 10
R4 = -6,92620 x 107°
A6 = 1.64970 x 107
A8 = -1.80070 x 107°
AlDO = ~-1.61900 x 107°
Al2 = 1.13470 x 10°°



& ()-1P"1098 8 & ()-!1098 8 & ()--).79>?DxT71: P"1098 8 & ()-#3!P"' 1098 8
& ()-1P'10%8 8 & ()-!P'10%8 8 & ()-!P"'10%8 8 & ()-DLNSTYbvY71:!P"10%8 8
& ()-P"1098 8 & ()-#3!P"10%8 8 & ()-!P"10%8 8 & ()-!P"'10%8 8

& ()-bdijpxz{Y71:1P"10%8 8 & ()-!P"'10%8 8 & ()-P"'10%8 8 & ()-#3! P"10%8 8
& ()-1P"10%8 8 & ()-z{Y71:!1P"10%8 8 & (32! P"'10%8 8 & ()-!P"'10%8 8

& ()-P'10%8 8 & ()-#3! P'109%8

Table 3
Example 1
(1), (8) f1/f 1.49
(3), (3 £3/£ -0.94
(2)  {(vl + v2)}/2}-v3 | 26.0
t4), (10) R4t /f 0.24
{5y, (1) X - X0 h=hmax {2 .1lmm)
-0.6319
h=0.7 x hmax
-0.1969
(7) L/2Y 1.22

Fig. 5 is an explanatory view showing an image pick-up
lens arrangement of the first example. In the view, L1 is
the first lens, LZ is the second lens, L3 is the third lens,
and 5 shows an aperture stop. Figs. 6(a;, 6(b) and 6(c) are
aberration views (spherical aberration, astigmatism,
distortion aberration, meridional coma) of example 1.
(Example 2)

The image pick-up lens data is shown in Tables 4 and 5,
and numerical values corresponding to each conditional

expression are shown in Table 6.



8 & ()-{Y51:#31P"10%B 8 & ()-!P"10%8 8 & ()-!P"10%8 8 & ()-P"10%8 8
& ()-#3| X 1: #P" 1098 8 & ()-#3!P'10%8 8 & ()-!P"'10%8 8 & ()-!P"'10%8 8
& ()-P'10%8 8 & ()-vY71: #1P"10%8 8 & ()-P"'10%8 8 & ()-#3! P'10%8 8
& ()-1P"1098 8 & ()-!'P'1098 8 & ()-{Y71:# P"10%8 8 & ()-!P"10%8 8
& ()-P'10%8 8 & ()-#3!P"10%8 8 & ()-!P's9%8 8 & ()-!& Y71: #! P'10%8 8
& ()-1P'10%8 8

(Example 2)
f = 3.56 mm,

Surface No.

B

-1.167

~0.748

26.830

1.453

Table 4

F = 2.88, 2Y
D {mm)
0.90
0.25
0.46
0.98
0.10

0.65

Nd

1.53180

1.53180

1.58300

4.561 mm

vd

56.

56,

30.

0



& ()-1P"1098 8 & ()-P'10%8 8 & ()-#3!P'1098 8 & ()-& ; DFI J{Y51: #31 P 1098 8
& ()-1P'10% 8 & ()-!P'109% 8 & ()-P"10% 8 & ()- #3]OXZ " e| X; 1: #P" 1098 8
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& ()-emptuzvY71: # P"1098 8 & ()-P'1098 8 & ()-#31P"1098 8 & ()-!P" 1098 8
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& ()-#31P'10%8 8 & ()-!P" 1098

Table 5

Aspheric surface coefficient

The 1st surface X = 3.,94660 x 107t
A4 = -1.20790 x 107°
A6 = -1.20570 x 107°
A8 = 1.00970 x 107°
Al0 = ~1.31300 x 107°
al2 = -1.31310 x 1077
The 2Znd surface K = =5.01610 =% 10
a4 = -2.11260 x 1l07°
A6 = -2.27930 x 107°
A8 = ~8.49250 x 107°
210 = §.15610 x 107°
Al2 = -2.06740 x 107°
The 3rd surface K = -1.16690 x 107t
' B4 = -8.99550 x 107°
A6 = -4,25790 x 107!
A8 = 4.54500 x 107*
Bl0 = -3.46760 x 107°
Al2 = ~1.95040 x 107%°
The 4th surface K = ~2,98890
Ad = -3.2280 x 107
26 = 2.52660 x 107!
A8 = -1.94250 x 10°°
210 = 7.76110 x 107°
AlZ2 = £.35480 x 107°
The 5th surface X = 1.00000 x 107
24 = -B.85700 x 1074
26 = 5.41380 x 1077
A8 = ~1.13310 x 107°
210 = -6.02900 x 107
alz = 2.83960 x 1079
The o6th surface K = -1.61000 x 10
24 = -B8.89690 x 1072
A6 = 2.43220 x 107°
A8 = -3.90280 x 107°
AlD = 3.05770 = 107°

Al2 = -4.06290 x 10°°
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()-110% & ()-|10% & ()-|10%4 & ()-| L0 & ()-| 10% & () -ai nwx} uYOuT8#! | 10% & (
)-]1 1094 & ()-)?J| 10%4 & ()-| 10% & () - |1 %{&' )-~cBuT8#! <
109% & ()-| 109% & ()-)?J| 10% & () - | 10% e,( 10% & ()-9u|[:uT8#! &I0% & ()-&
$10% & ()-- "@OW& ()- 110%W& ()- 1100/'&'(\- < 10%W& ()-%}~vU4 F
10986 & () - |10Wd&'()-10"10"10“ V-10% & (- 3*Frempde( %< )| 10% & ()- oEvU4
F 10)?9 10986 & (]<].) 10996 & £3/F 10996 & 1)0% 10946 & ()-]
10984 & ()-]1cOvUa ) P93),1QW6 & £3/F 10986 &0¢)7p 1096 & ()-]| 1096 & ()-]
10986 & () -]1_5vU4 ) P92y 104 & (V)2 A0086 & 4g:0 10986 & ()-]] 1096 & () -]
),
) s

(4 {10) IR4|/E 0.21
(5 {11) X - X0 h=hmax (2.0mm)
-0.7193
h=0.7 % hmax
-0.2087

(7) L/2Y 1.05

Fig. 7 1s an explanatcory view showing an image pick-up
lens arrangement of Example 2. In the view, L1 is the first
lens, L2 is the second lens, L3 is the third lens, and S
shows an aperture stop. Figs. 8(a), 8{b) and 8{c) are
aberration views (spherical aberration, astigmatism,
distortion aberration, meridiconal coma) of Example 2.
(Example 3)

The image pick-up lens data is shcwn in Tables 7, 8,
and numerical values corresponding to each conditional

expression are shown in Table 9.
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Table 7

(Example 3)

f=4.41 mm, fB = 1.27 mm, F = 2,88, 2Y = 5.41 mm

Surface No. R (mm) D (o) Nd vd

1 2.109 1.15 1.53180 56.0
) 4.408 0.27

Stop o0 0.76

3 -1.876 1.35 1.53180 56.0
4 -1.008 0.10

5 6.557 0.82 1.58300 30.0
5 1.644 0.38

7 oo 0.50 1.58300 30.0
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The 3rd surface E
Ad
A6
L8
Al0

The 4th surface K
A4
AG
A8
Al0
AlZ

The 5th surface s
A4
A6
A8
A10

Alz =

The 6th surface K
A4
A6
g
AlQ
Al2

HL0%&: () - +) ?
{)-+)?
()-4)?
) -+&) ?

(i

10109%
10109
1010%

= 2.23320 x 10
= -7.29240 x 1077
= 5.64450 x 1072
= ~8.53860 x 107°
= 1.32870 x 107°

= -3.74000 x 107¢
= -1.14890 x 10°¢
= -1.28530 = 1077
= 1.50210 x 107"
= ~2.76770 x 107°

= -2.62840
= -1.37460 x 107°
= 5.85800 x 1072
= -2.98050 x 107°
= 7.71570 x 107°
= 1.80910 x 107*

= -1.00000 x 10°

= -5,32430 x 107°
= 2,08950 x 107°
= -2.48990 % 107°
= -1.83750 x 107°¢
3.05100 x 107

= ~1.05810 x 10
= -5.75510 x 1072
= 1.25510 x 107°
= -1.31700 x 107°
= 1.86700 x 107°
= -1.99490 x 107/
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expression are shown in Table 12.



A0%!1-& () - CHLOW! & ()- 10%!& ()- *+vV:.4F 10F 10%!& ()-F 10%!& ()-F
109! & ()-F 109! & ()-F 109%!& ()-)? + 8>EHKvV6.4F F 10%! & ()-F
109! & ()-F 109! & ()-F 109%!& ()-F 109%!& ()-)? KLNTYafzZ: .4F F
109! & ()-F 109%!& ()-F 109%!& ()-F 109%!& ()-F 109%!& ()-)?
fgiotuvzAB. 4F F 10%! & ()-F 10%! & ()3F 10%! & ()-F 10%! & ()-F
109! & ()-)? vW ~vZ>. 4F F 109%!& ()-F 109%!& ()-F 109%!& ()-F
109! & ()-F 109! & ()-)? vV6.4F F 10%! & ()-F 10%!& ()-F 10%!& ()-F
109! & ()-F 109%!& ()-)? z"B.4F F F 10%!& ()-F 109%!& ()-F 10%!& ()-F

Table 10
(Example 4)

f=5.42 mm, £B = 1.00 mm, F = 2.88, 2Y = 6.60 mm

Surface No. R {(mm) D {mm] Nd vd
1 2.432 1.25 1.58913 61.2
2 4.926 0.52
Stop o0 0.75
3 -2.249 2.00 1.53180 56,0
4 -1.234 0.10
5 7.304 0.85 1.60700 27.0
6 1.366 0.74
7 oo 0.30 1.51633 64.1
8 oo 0.20
9 oo 0.30 1.51633 64.1

10 ca




10% L& ()-F 109! & ()-)? vV6.4F F 10%! & ()-F 10%!& ()-F 10%! & ()-F
10%! & ()-F 10%!& ()-)? z"B.4F F F 10%!& ()-F 10%!& ()-F 10%!& ()-F
10%! & ()-F 10%!& ()-)? vV6.4F F 10%! & ()-F 10%!& ()-F 10%!& ()-
10%! & ()-F 10%! & ()-)? sRl c10%& ()- f10%& ()-)101010 < %W10%& ()-F
10%! & ()-)? #7?AFG_; sR1l #34x010%&' () - 0640%&' () - 0010%&’ ()-0010%&' ()-0 )
10%& ()-GLUW]b DsR1
#3010%& () - 0#34x010%&' () - 0010%& ()-0010%&' ()-0010%& () - Obknr sx{_?sR1
#010%&' () - 0010%&' () - 0#34x010%& () - 0010%& ()-0010%&' ()-0_?sRl
#010%&' ()-0010%&' ()-0010%& () - 0#34x010%& ()-0010%&' ()-0_?sRl
#0109&' () - 0010%& ()-00109%&' ()-0010%& () - 0#34x010%&' ()-0*.:>}[9sR1 ! 10% ?
&'()-s|10%? ? & ()-s!10% ? & ()-s! Shagnke 2L

& ()-010%& () - 0#34x>G NOPQ MDsR1109%® ? & (.) s109%® ? & ()-s/K 3a(!10% ?
& ()-s!'10% ? & ()-s!10% As@HrisQsaf fhxdtsRIIDMPient

The 1lst surface K = 6.73890 x 107*
A4 = -4.82010 x 107¢
A6 = -1.19920 x 107*
A8 = 6.55890 x 107
Al0 = -3.26150 x 10°°
Al2 = 5.26560 x 10°°
The 2Znd surface K = 8.491380
24 = 7.03830 x 1073
A6 = ~4,86490 x 1077
A8 = 4.67580 z 107°
Al0 = -1.05%940 x 107°
The 3rd surface K = 2.23973
a4 = =3.23190 x 107°
A6 = -2.54490 x 107°
A8 = 1,18000 x 107°
210 = B8.64290 x 1077
The 4th surface K = =-3.13150
A4 = -7.73400 x 107°
A6 = 2.18640 x 1077
A8 = -7.04910 x 107°
Al0 = 1.07200 x 107°
AlZ = -4.71280 x 107°
The 5th surface K = 2.60826
A4 = -3.41440 x 1072
A6 = 5.86600 x 1077
A8 = ~4.57760 =z 107*
Al0 = 1.24890 x 107
Al2 = -1.04620 x 107°
The ©6th surface K = -9,48188
A4 = -2.38160 x 107°
A6 = 2.99130 x 107°
A8 = -2.44940 x 10
210 = 1.28500 x 107°

al2 = -6.97570 x 1077



? & ()-s/K 3aal10% ? & ()-s(!'10% ? & ()-s!10% ? & ()-s!10% ?

& ()-shinw~| Z*sR/'K 3al10% ? & ()-s!10% ? & ()-s!'10% ? & ()-s!10% ?

& ()-s10% ? & ()-s_=sR'K 3a'1l0%® ? & ()-s!'10% ? & ()-s!10% ? & ()-s!10%

?2 & ()-s10% ? & ()-s10%® ? & ()- stROsR/llow ? & ()-s!'10% ? & ()-s!'10% ?
& ()-s10% ? & ()-s10%®

Tabkle 12
Example 4
(1) (8) f1/£f 1.47
(3] (9) £3/f -0.91
(2) {(vl + v2)/2}-v3 31.6
(4) {10} R4 /£ 0.23
(5) {11) ¥ - X0 h=hmax {2.9mm)
-0.8367
h=0.,7 x hmax
-0.2539
(7) L/2Y 1.18

Fig. 11 is an explanatory view showing an image pick-up
lens arrangement of Example 4. In the view, Ll is the first
lens, LZ is the second lens, L3 is the third lens, and S
shows an aperture stop. Figs. 12{(a), 12Z2(b) and 12(c) are
aberration views (spherical aberration, aétigmatism,
distortion aberration, meridional coma} of Example 4.
(Example 5}

The image pick-up lens data is shown in Tables 13, 14,
and numerical values corresponding to each conditional

expression are shcown in Table 15.




2 & ()-s/ K 3a0MrsR/1109% ? & ()-s(!109% ? & ()-s(!10% ? & ()-s(10% ?

& ()-s/K 3aal 1092 ? & ()-sx[9sR/!11110% 2 & ()-s110% ? & ()-s10% ?

& ()-s/K 3a10% 2 & ()-s10% 2 & ()-sj MsR/ 110% 2 & ()-s10% 2 & ()-s/K
3al 1009 2 & ()-s!10% 2 & ()-s!109%9 ? & ()-sxHsRI109% ? & ()-s/K 3aal 109
2 & ()-s!10% 2 & ()-s!10%

Table 13
(Example 5)

f=5.40mm, fB = 1,09 mm, F = 2.88, 2Y = 6.60 mm

Surface No. R (mm) D (mm) Nd vd
1 4.085 1.30 1.58913 61.2
2 -40.780 0.40
Stop o0 1.16
3 -1.807 1.46 1.53180" 56.0
4 -1.144 0.10
5 7.351 0.85 1.58300 30.0
6 1.858 0.80
7 oo 0.30 1.51633 04.1
g oo 0.20
9 oo 0.30 1.51633 64.1

10 oo




? & ()-s'10% ? & ()-s | Z*sR/K 3al 1099 ? & ()-s!10% ? & ()-s!10% ?

& ()-s110% 2 & ()-s10% ? & ()-s%, =sR/K 3al 1099 ? & ()-s!10% ?

& ()-s110% 2 & ()-s!10% 2 & ()-s10% 2 & ()-sl0% ?

&'() s,-./3=?tROSR/110% ? & ()-s!10% 2 & ()- s'lO%? 2 & ()-s10% ?
& ()-s109% ? & ()-s/ K 3a?DEl UvboMsR/ ! 1692 2 & ()-s(! 1099 ?

Table 14

Aspheric surface coefficient

The 1st surface E = 2.67530 x 1071
A4 = -4.63610 x 1077
A6 = -4.97610 x 107*
A8 = 2.65860 x 1077
al0 = -1.61090 x 107°

Al2 = 2.00810 x 10°°

The 2nd surface K = =4 ,87757 x 10
BRd = =-8.77300 x 107°
A6 = 3.24540 x 107
a8 = -1.29380 x 107°
210 = 3.23650 x 107!

The 3rd surface K = 6.77720 x 107!
a4 = 2.57470 x 1074
A6 = =3,07290 x 10°°

X ~2.49100 x 1077
A10 = 1.01490 x 10°¢

The 4th surface XK = -=-3.00181
ad = -8,57160 x 1077
A6 = 3.39%9170 x 107°
A8 = -1.62570 x 1077
Al0 = 4.23280 x 10°
Al2 = -3.38950 x 107*

The 5th surface K = -1.00000 x 107°
A4 = -3.39660 x 1077
A6 = -6.38250 x 1077
A8 = 2.08200 x 107°
A10 = -2.80690 x 10°°
212 = 9.11490 x 10°°

The 6th surface K = -1.00205 = 10
Ad = =2.53420 x 1072
A6 = 3.42060 x 10°°
A8 = ~5.17880 x 107!

Al0 = 4.81430 = 107°
Al2 = -2.68770 x 10°°




& ()-s(!10% ? & ()-s(10% ? & ()-s/K 3aa!10% ? & ()-sbdhijkpoROsR/!'! 10%
? & ()-s10% ? & ()-s10% ? & ()-s/K 3aal 109%® ? & ()-sa!10% ?

& ()-spy{jMsR/110% ? & ()-s10% ? & ()-s/K 3aa!10% ? & ()-sa!l10% ?

& ()-sal10% ? & ()-sxH+sR10% ? & ()-s/K 3aal 109 ? & ()-sa!10% ?

& ()-sal1l0% ? & ()-sa!l10%® ? & ()-s|Z*6R/ K 3a! 10% ?

Table 15
Example 5
{1y, (8) f1/£f 1.18
{(3), (2) £3/f -0.84
(2) {(V1 + v2)/2}-v3 | 28.6
(4), (10) |R4|/E 0.21
{5y, (11) ¥ - X0 h=hmax (2, 4mm)
- 0.8964
h=0.,7 % hmax
- 0.225%4
(7 L/2Y 1.18

Fig. 13 is an explanatory view showing an image pick-up
lens arrangement of Example 5. In the wview, L1 is the first
lens, L2 is the second lens, L3 is the third lens, and 8
shows an aperture stop. Figs. 14(a), 1l4{(b) and 14{(c) are
aberration views (spherical aberration, astigmatism,
distertion akerration, meridional coma) of Example 5.

In the examples 1, 2 and 3, the first lens and the
second lens are formed of polyorefine plastic material, and
The saturation absorption coefficient is not larger than
0.01%. The third lens L3 is formed of a polycarbonate
plastic material, and the saturation absorption coefficient
is 0.4%.

Herein, because, in the plastic lens, the saturation
absorption coefficient is lager than the glass lens, when

abrupt humidity change occurs, the unequal distribution of



& ()-s1109%® ? & ()-s!10% ? & ()-s!10% ? & ()-s10%® ? & ()-s_=sR/ K 3al 109
?2 & ()-s!10% ? & ()-s!'109% ? & ()-s!109%% ? & ()-s109% ? & ()-s10% ?

& ()-stROSR/ 11099 2 & ()-s!10% ? & ()-s!10% ? & ()-s1l0% ? & ()-sl0% ?
& ()-s/K 3aoMrsR/ 1109 ? & ()-s(!'10% ? & ()-s(!10%® ? & ()-s(10% ?

& ()-s/K 3aa! 109%® ? 65

the water absorption amount is transiently generated, and the
refractive index does not become uniform, and there is a
tendency that a good image formation performance can not be
obtained. Therefore, for suppressing the performance
deterioration due to the humidity change, it is preferable
that the plastic material whose saturation water absorptiocon
is not larger than 0.7% is used.

In the above Example 4, the first lens L1 is formed of
glass material. The second lens L2 is formed of polyorefine
plastic material, and the saturation water absorption is not
larger than 0.01%, and the third lens 1.3 is formed cof
polyester plastic material, and the saturation water
absorption is 0.7%.

Further, in the above Example 5, the first lens L1 is
formed of glass material. The second lens L2 is formed of
the polycrefine plastic material, and the saturation water
absorption is not larger than 0.01%, and the third lens L3 is
formed of polycarbonate plastic material, and the saturation
water abscrption is 0.4%.

Further, because, in the plastic material, the
refractive index change is large at the time of temperature

change, in the case where all of first lens L1, second lens

LZ, and third lens L3 are structured by the plastic lenses,




& ()-SOROSR/ 11109 2 & ()-s10% 2 & ()-sl0% ? & ()-s/K 3aal 109 ?
& ()-sal 1099 2 & ()-sj MsR/ 110% 2 & ()-s10% ? & ()-s/K 3aal 1099 ?

& ()-sal 1099 ? & ()-sal 1099 ? & ()-s#+-234xH+sR/ 1099 ? & ()-s/ K 3aa! 1099 ?
& ()-sal 109 2 & ()-sal 109 ? & ()-sal 1092 ? & ()-s45: CEJK| Z*sR/ K 3a! 109 ?
& ()-s!'10% 2 & ()-s!10% 2 & ()-s! 109968 & ()-s10%

when the peripheral temperature changes, there 1is a problem
that an image point position of the whole image pick-up lens
system is wvaried. In the image pick-up unit having the
specification in which this image point position variation
can not be neglected, for example, the positive first lens L1
is made a lens formed of the glass material (for example,
glass mold lens), and the positive second lens L2 and the
negative third lens L3 are formed of the plastic lenses, and
when the refractive power allotment by which the image point
position variation at the time of temperature change is
cancelled out, is applied, this problem of the temperature
characteristic can be lightened. When the glass mold lens is
used, in order to prevent the wearing of the molding metallic
die as small as possible, it is desirable that the glass
material whose glass transition point (Tg) is not larger than
400 °C (400 centigrade) is used.

Further, recently, it becomes clear that the inorganic
fine particles are mixed in the plastic material, and the
Lenmperature change of the refractive index of the plastic
material can be suppressed small. When described in détail,
generally, when fine particles are mixed in the transparent

plastic material, because the scattering of the light is

generated and the transmission facter is lowered, it is




2 & ()-sKLMJ]b_=sR/'K 3a! 10% ? & ()-s!10% ? & ()-s!10% 2 & ()-s!10% ?
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difficult to use as the optical material, however, when the
size of the fine particle is made smaller than the wavelength
of the transmission light flux, it can be realized so that
the scattering is not practically generated. Although, in
the plastic material, when the temperature rises, the
refractive index is lowered, in the inorganic particles, when
the temperature rises, the refractive index is increased.
Accordingly, by using these temperature dependencies, by
making them actuate so that they are cancelled out each
other, it can bhe realized that the refractive index change 1is
hardly generated. Specifically, when the inorganic particles
whose maximum length is not larger than 20 nm, are dispersed
in the plastic material as the base material, the plastic
material whose temperature dependency of the refractive index
is very low is formed. For example, when fine particles of
nicbium oxide (Nb;0s) are dispersed in acrylic resin, the
refractive index change due to the temperature change can be
made small.

In the present invention, when the plastic material in
which such an inorganic particle is dispersed, iz used for
one of 2 positive lenses (L1, L2), or all of lenses (L1, L2,

L3), the variation of the image point position at the time of
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What is claimed is:

1. An image pickup lens comprising in order from an object

side of the image pickup lens:

a first lens having positive refractive power whose
convex surface faces the cbject side of the image pickup
lens;

an aperture stop:;

a second lens having positive refractive power whose
convex surface faces an image side of the image pickup lens:
and

a meniscus-shaped third lens having negative refractive
power whose concave surface faces the image side of the image
pickup lens,

wherein the image pickup lens satisfies the following
conditional expressicns:

0.8 < £1/f < 2.0 (1)

20 < ({vl + v2)/2) - v3 < 70

where fl is a focal length of the first lens, f is a

focal length of a total system of the image pickup lens, vi

is the Abbe constant of the first lens, vZ 1s the Abbe
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where £3 1s a focal length of the third lens.

3. The image pickup lens of claim 1 which satisfies the
following conditional expression:

0.15 < [R4]/f < 0.4 (4)

where R4 1s a curvature radius of an image side surface

on the second lens.

4. The image pickup lens of claim 1,
wherein the first lens has a meniscus shape whose

convex surface faces the object side of the optical lens.

5. The image pickup lens of claim 1,
wherein the third lens has a meniscus shape whose

concave surface faces the image side of the optical lens.
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5. The image pickup lens of claim 1, wherein an image side
surface of the third lens satisfies the following conditional
expression:
¥ - X0 <0 (3)

where X is an aspherical surface displacement which is
given on X axis along an optical axis of the image pickup
lens with an origin of the ¥ axis placed at an apex of the
image side surface of the third lens and satisfies the

followings:

h?.
X= Vs +> 4K (8)

T 1+41-(+ K62/ RE?
X0 is a displacement of rotational guadric surface
component of the aspherical surface which satisfies the
followings:

h?.
i} Ve
X0=
1++/1—(1+ K6)h2/ R6*

(7)

h 1is height along an arbitral direction perpendicular
to the optical axis and satisfies hmax x 0.7 < h < hmasx,

hmax is the largest effective radius of the third lens,

Al is i-th order of an aspheric coefficient of the
image side surface of the third lens,

R6 is a curvature radius of the image side surface of

the third lens, and
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"109B" & () - a solid-state imaging element having a photcelectric

converting section;

an image pickup lens of claim 1 for focusing an object
image onte the photoelectric converting section of the solid-
state imaging element:

a substrate holding the solid-state imaging element and
having an external output terminal for transmitting and
receiving electric signals; and

a housing comprising a light shielding member and
having an opening for an incident light entering from the
ckject side,

which are formed in one united body,

wherein height of the image pickup unit along an

optical axis of the image pickup lens is 10 mm or lower.
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lens;

an aperture stop:

a meniscus shaped second lens having positive
refractive power whose convex surface faces an image side of
the image pickup lens; and

a third lens having negative refractive power whose
concave surface faces the image side of the image pickup
lens,

wherein the image pickup lens satisfies the following
conditional expressions:

0.8 < £1/£ < 2.0 (8)

-1.5 < f3/f < ~0.5 (2)

where fl is a focal length of the first lens, £ is a
focal length of a total system of the image pickup lens, and

f3 is a fecal length of the third lens.

<
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wherein the first lens has a meniscus shape whose

convex surface faces the object side of the optical lens.

13. The image pickup lens of claim 10,
wherein the third lens has a meniscus shape whose

concave surface faces the image side of the optical lens.

14, The image pickup lens of claim 10, wherein an image
side surface of the third lens satisfies the following
conditional expressicn:
XK - X0 <0 (11)
where X is an aspherical surface displacement which 1is
given on ¥ axis along an coptical axis of the image pickup
lens with an origin of the ¥ axis placed at an apex of the

image side surface of the third lens and satisfies the
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fellowings:

h
X0= R6 (13)
1+4/1-(1+ K6)h*/ R6?

h is height along an arbitral direction perpendicular
Lo the optical axis and satisfies hmax x 0.7 < h < hmax,

hmax is the largest effective radius of the third lens,

Al is i-th corder of an aspheric ccefficient of the
image side surface of the third lens,

R6 1is a curvature radius of the image side surface of
the third lens, and

K6 is a conic constant of the image side surface of the

third lens.

15. The image pickup lens of claim 10, wherein the first
lens, the second lens and the third lens are formed of

plastic material.
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i6. The image pickup unit comprising:

a solid-state imaging element having a photoelectric
converting sectiocn;

an image pickup lens of claim 1C for focusing an object
image onto the photoelectric converting section of the solid-
state imaging element;

a substrate holding the solid-state imaging élement and
having an external output terminal for transmitting and
recelving electric signals; and

a housing comprising a light shielding member and
having an opening for an incident light entering from the
object side,

which are formed in one united body,

wherein height of the image pickup unit along an

optical axis of the image pickup lens is 10 mm or lower.

17. A mobile terminal comprising the image pickup unit of

claim 16.



