1 | MAGE PICK-UP LENS, | MAGE PICK-UP UNI'T, AND MOBI LE TERM NAL PROVI DED
WTH TH S | MAGE PICK-UP UNIT BACKGROUND OF THE | NVENTI ON The present
invention relates to an image pick-up lens which is preferable as an
optical systemof a solid-state inaging elenment such as a CCD type inage
sensor or a CMOS type inmage sensor, an_image pick-up unit having the inage
pi ck-up lens, and a nobile terminal pro¥ided with this image pick-up unit.
Recently, follow ng the technical advantages-offering, and size reduction
of an image pick-up device using the solid-state inmaging el ement such as
CCD (Charged Coupled Device) type inmage sensor or CMOS (Conpl enentary
Metal Oxi de Sem conductor)type inage sensor, a cell phone or a persona
conputer, provided with the inmage pick-up device, is spreading. 2 Then,
foll owi 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 imge pick-up | ens nounted on the inmage

pi ck-up device is enphasized to intend the size reduction of these inmge
pi ck-up devi ces.

IMAGE PICK-UP LENS, IMAGE PICK-UP UNIT, AND MOBILE TERMINAL

PROVIDED WITH THIS IMAGE PICK-UP UNIT

BACKGROUND OF THE INVENTION

The present invention relates to an image pick-up lens
which is preferable as an optical system of a solid-state
imaging element such as a CCD type image sensor or a CMOS
type image sensor, an image pick-up unit having the image
pick-up leng, and a mobile terminal provided with this image
pick-up unit.

Recently, following the technical advantages-offering,
and size reduction of an image pick-up device using the
golid-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 perscnal
computer, provided with the image pick-up device, is

spreading,



As such an image pick-up lens for a small size inmage pick-up device, an

I mge pick-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 having the negative refractive power, and the third | ens
having the positive refractive power are arranged, recently becones
common, fromthe reason why technical a&hantages can be nore easily

of fered than one or 2-1ens conposition inmage pick-up |ens. Such an inage
pi ck-up lens, so-called a triplet type imge pick-up lens, is disclosed in
t he patent docunent 1. [Patent Document 1] Tokkai No. 2001-75006. However,
al t hough an i mage pick-up lens of a type which is witten in Patent

Document 1, is gnbyperbRiwhiel anidereLBRISraRgke nighs e8¢ and the
aberrations are finely correcfed, on the one hand, it is not suitable for

a sizere [ f...the L e ) engt e in%Q . Cle- gL a 4i stance
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systemto the i mage side focal, point). SUVWARY. In view.of suc pr obl em

the presefif* FREEREEEN© prfb’\’?ic&é@nf'&a% FREUESTESR TBH S s dﬁec‘i}‘-‘%plciréns,

I mage pi ck- u% unit, and nobile termnal, in which, while it is a snaller
of the image pick-up lens mounted on the image pick-up device

is emphasized to intend the size reduction of these image
pick-up devices.

As such an image pick-up lens for a small size image
pick-up device, an image pick-up lens of 3-lens composition
in which, in an order from the object side, the first lens
having the positive refractive power, the second lens having
the negative refractive power, and the third lens having the
positive refractive power are arranged, recently becomes
commen, from the reason why technical advantages can be more
easily offered than one or 2-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]

Tokkal 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, it is not suitable for a size reduction of

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



type than a conventional type, aberrations are finely corrected. Herein,
in the present invention, relating to a scale for the small type inage

pi ck-up lens, a size reduction of a level to satisfy a foll ow ng
conditional expression, is ainmed. Wen this range is satisfied, the whole
length of the |lens can be reduced, and_geonetrically the outer diameter of
the I ens can al so be reduced. Thereby £he size and wei ght reduction of

t he whol e i mage pi ck-up devi ce becone possible. L/2Y < 1.50 (7) Were, L:
a distance on the optical axis fromthe object side surface of the first

|l ens to the image side focal point of the whole inmage pick-up | ens system
2Y: a length of a diagonal line of the image pick-up surface of the

solid-staggel %ltnab%g@egadeas@l&ege@abfl kR 4nd1endidicf dik&-ngetiang e
effective pixel area”o he solid- state imaging el enent). FEFEIH an i mage

si de foca%gg?ﬁgttgegﬂg g%a?gaged%oEgES% %qn% parall el ray of Ilght

paral | el e optical S 1§ incCi he | ens. Furthernore, when,
bet ween the nost image side surface of the i mge pick-up lens and the
imge side focal position, an optical |owpass filter, infrared ray
cut-filter, or a parallel plate such as a seal-glass of a

SUMMARY

in view of such a problem, the present inventicn
provides a 3-lens composition image pick-up lens, image pick-
up unit, and mobile terminal, in which, while it is a smaller
type than a conventional type, aberrations are finely
corrected.

Herein, in the present invention, relating to a scale
for the small type image pick-up lens, a size reduction of a
level to satisfy a following conditional expression, is
aimed. When this range is satisfied, the whole length of the
lens can be reduced, and geometrically the outer diameter of
the lens can algo 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
gside surface of the first lens to the image side focal point
of the whole image pick-up lens system,
2Y: a length of a diagonal line of the image pick-up

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



solid-state imagi ng el enent package are arranged, a value of the above L
Is calcul ated when the parallel plate part is mnade 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 (8) A structure witten in
item1l is an image pick-up |l ens which con5|sts of, in order fromthe
object side, the first 1|ens having the4 positive refractlve power, and a
convex surface is faced to the object side, an aperture stop, the

meni scus- shaped second | ens having the positive refractive power, and a
convex surface is faced to the inage side, and the third | ens having the
negative refractive power, and a concave surface is faced to the i mge

si de, and;gpathugkutee iotbgle. %%%0%1%0? HeAnGR Ol bl Il d ens s

fl, the 5 cal gth o whol e i mage ' ens systemis f, and
Abbe' s nu he first , Abbe's nunber of the second | ens V2,
and Abbe' ggﬁéﬁbépg ?nghgieﬁﬁpﬁ%lens v3, the conditional expressions of the
followi ng (1) %2 are SatISfIS gpglLe . 0.8 <fl/lf <2.0 %] 20

< {(vl + \/2)/2}Her 3 3B {BRIRCELPE ﬁac? R&TEL PEEREr BT WA MEEENPPA M em 1,
because

when a parallel ray of light parallel to the optical axis is
incident on the lens. Furthermore, when, between the most
image side surface of the image pick-up lens and the image
side focal position, an optical low-pass filter, infrared ray
cut-filter, or a parallel plate such as a seal-glass of a
golid-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 of 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 tc the image side, and a structure

in which, when a focal length of the first lens is f£1, the



it is a so-called tel ephoto type I ens construction in which, in order from
the object side, the positive lens group conposed of the first Iens and
the second Ilens and the third lens in which the concave surface is faced
to the inage side, are arranged, it is advantageous for the size reduction
of the whole length, and the aberratlon can be finely corrected. That is,
for the aberration correction, because the positive refractive power is
allotted by the first |ens and the second | ens, the generation of the
spherical aberration or conma can be suppressed. Further, the aperture stop
is arranged between the first lens and the second | ens, and because the
first lens has the shape in which the convex surface is faced to the

obj ect st dgcadndchiersBeontl 651038 nagaRALRCLD T0ARE bl olt the Lpnvex

surface is ace the 6 1 nmage si is th struct re 1 n which t
cor  ect e iOPET 81 HUTPRE. BandPE: GHAPCoXBPEs SonABF s PRDEEAPLsSPEn  whi ch
regul ates the refractive power of the first lens. Wien it is less than the
upper |i neecwaliugéehs vhe axgrBbbeos fHlnbert BE phei thiedr ékhachdyetphewer of
the first lens can be appropriately maintained, and the size of the whole
length of cohBeriBREE BhkpkelBibRES oFaRHRE £L8HRGA%g B1)t BePn)hard when
satisfied, is applied.
0.8 < £1/f < 2.0 (1)
20 < {{vl + v2)/2} - v3 < 70 (2)
According to the structure written in item 1, because
it is a so-called telephoto type lens construction in which,
in order from the cbject side, the positive lens group
composed of the first lens and the second lens and the third
lens in which the concave surface ig faced to the image side,
are arranged, it 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 aberraticn
Oor 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 convex surface is faced to the




It is upper than the lower limt value, 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, nore preferably, a value of fl/f of the
conditional expression (1) is within a range of the conditional
expression of the following (9). 0.8 < fl/f < 1.65 (9) Further, the
conditional expression (2) is a condition which finely corrects t he
chromatic aberration of the whole image pick-up I ens system Wen it
exceeds the lower Iimt in the expression (2), the axial chromatic
aberration, |ateral chromatic aberration can be corrected with a well

bal ance. Emageeg%ee, 1$hen Lhel $cl0uRlrhan Whe cPRBle Nl value in the

expression (2), lens materials which are actually not suitable can be

excl uded. ¢ Fgg;ngeac B oREBLeLAO o3 ale 9L e sogndid icqnah,pxpr ession

(2) is range o condi tional expreSS|on 0 OW ng
(10). 25 < %% v2)/2} v3 < 70 (10) Further, because the | ens
conposi t i GRTAES BEchlbed above is a composition which can secure a

slightly large eccentricity allowance of each lens, for exanple, at the
time Herein, the Conditional expression (1) is an expression

which regulates the refractive power of the first lens. When
it is less than the upper limit value in the expression (1),
the positive refractive power of the first lens can be
appropriately maintained, and the size of the whole length cof
the image pick-up lens can be reduced. On the one hand, when
it ig upper 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, more preferably, a value of f1/f of the conditicnal
expression (1) is within a range of the conditional
expression of the following (2).

0.8 < f1/f < 1.65 (9)

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

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



of mass production, even when the optical axis of each lens is assenbled
in wwth a mnute anount deviation fromthe sanme straight line, there is
also the effect that the inmage deterioration hardly generates, and the

| ens performance can be appropriately maintai ned. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a perspective view of an image pick-up unit which is an
enbodi ment of the present invention. Fid. 2 shows a typical sectional view
in a cross section including an optical axis of each lens of the inmge

pi ck-up unit which is an enbodi nent 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 8 view of the cell phone to which the

i mge pi caupeUnht the <aBREk8don™(9) 4 1khe n@RiNiah Hhpgkrdi-ag am of the
cell phone of Fig. 3. Fig. 5 is an explanatory view show ng the |ens

arrangerreqt Ly evaMBLe by cERAR. (B(2ke ALY OB BLE,ADRLLEL T on Vi evs

(spherica erration, ~asti I'sm stortion ‘aberra h, neridi onal

com) of examBl Sty Tadvaluk’ o3 thEP AR, 1Lt P LS RU1Y 2N 5)Tge Pl ck-up
within a range of the conditional expression of the following
(10) .

25 < {(vi + v2)/2} - v3 < 70 (10}

Further, because the lens composition as described
above is a composition which can secure a slightly large
eccentricity allowance of each lens, for example, at the time
of mass production, even when the optical axis of each lens
is assembled in with a minute amount deviation from the same
straight line, there is also the effect that the image

deterioration hardly generates, and the lens performance can

be appropriately maintained.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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



| ens arrangenent of exanple 2. Figs. 8(a), 8(b) and 8(c) are aberration
views (spherical aberration, astignmatism distortion aberration,
meri di onal cona) of exanple 2. Fig. 9 is an explanatory view show ng an

i mge pick-up |ens arrangenent of exanple 3. Figs. 10(a), 10(b) and 10(c)
are aberration views (spherical aberration, astigmatism distortion
aberration, neridional com) of exanpl@ 3. Fig. 11 is an explanatory view
showi ng an i nage pick-up |ens arrangenent of exanple 4. 9 Figs. 12(a),
12(b) and 12(c) are aberration views (spherical aberration, astigmatism

di stortion aberration, neridional coma) of exanple 4. Fig. 13 is an

expl anatory view showi ng an i nage pick-up |ens arrangenent of exanple 5.

Figs. 14(8)ewldebinandeit( phofle BPGHIEH PRV itlibe EIRALKIS HniabgLy ation.
astigmatism distortion abéerration, neridional ¢oma) of éxanple 5.

DETAI LED EEg?F%gTICN OF THE EMBODI MENT Preferable structures of the
present invéntron will be described below. A structure witten in item2

has the same structure, as
gyg. 4 is a control block diagram of the cell phone of

Fig. 3.

Fig. 5 is an explanatory view showing the lens
arrangement of example 1.

Figs. 6(a), 6(b) and 6(c) are aberration views
(spherical aberration, astigmatism, distorticon aberration,
meridicnal coma) cf example 1.

Fig. 7 is an explanatory view showing an image pick-up
lens arrangement of example 2.

Figs. 8(a), 8(b) and 8(c) are aberration views
(spherical aberration, astigmatism, distortion aberration,
meridicnal coma) of example 2.

Fig. 9 ig 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.



an image pick-up lens witten in item1, and when a focal Ilength of the
third lens is f3, the structure in which the conditional expression of the
following (3) is satisfied, is applied. -1.5 < f3/f < -0.5 (3) According
to a structure witten initem?2, the conditional expression (3) regul ates
the refractive power of the third lens. Wen it exceeds the lower limt
value in the expression (3), the negat i®ve refractive power of the third

| ens can be adequately maintained, and the size reduction of 10 the whole
| ength of the lens and the correction of the off- axis aberrations such as
curvature of field or distortion aberration, can be finely conducted. On
the one hand, when it is |lower than the upper |Iimt value, the negative

refractive pomegigg'tmg(gpirgzkggsﬁbg ngfsogrgagggg Lhan,.t g o aeCessary

one, and there 1s™no case where ht flux imge- formed on a peripheral

portion of, t i, mage _pick-up plane. of .sol i d-.st at e .i magi.ng. el nt is too
ch | eapdiPlE And 2BeE5a iR eRntobroTRG LAy e S mEARE | R ARREBA SR of "t he
i mge side Light | ux can he nade_easy. Herein, the inage side telecentric
char act er "§¥LE1RBAAs COMRaAt Otaft@rPdechi-ef ray of light of the light flux

i mage- forned on the inmage pick-up surface of the solid-state ,
Fig. 13 is an explanatory view showing an image pick-up

lens arrangement of example 5.
Figs. 14 (a), 14(b) and 14(c) are aberration views
(spherical aberration, astigmatism, distortion aberration,

meridiconal coma) of example 5.

DETAILED 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 of the third lens is f3, the structure in which the
conditional 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 cof
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 reductiocn of



i magi ng elenent is projected fromthe lens final surface, it becones
al nost parallel to the optical axis, in other words, the exit pupi

position of the image pick-up lens is fully separated fromthe inmge
Wien the telecentric characteristic becones poor, the light flux

sur f ace.

is incident on the solid-state imaging elenent froma slant direction,
a shadi ng phenonenon by which, in the Peripheral portion of the image
pi ck-up surface, a practical aperture efficiency is decreased, is
generated, and the peripheral |ight amount becones insufficient.
Accordingly, the image side 11 telecentric characteristic is a necessary
characteristic for an imge pick-up lens using the solid-state inaging

el erent . fnStLHEEUT SEERTER el 1EHL3 A5 chile SATRSLLUCHY €185 03N | Mmge

pick-up lens witten
i mage side_surface_of .the second | ens
condition%ﬁlgxﬁs

0.15 < JR4%/f < 0.40 (11). Ac Qrdhng to.a structure witten in iteﬁ13, t he
condi ti on& %FBE ¥l ¢ BF t

Item
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curvature radius of an inmage side surface of the second |ens. Wen it
exceeds the E8wePwErnthapakthe varelelisvifr #9diugn (CIE) negRé ivef racti ve power
of the imge side

refractive power cof the third lens is not tco larger than the
necessgary one, and there is no case where a light flux image-
formed on a peripheral portion of the image pick-up plane of
a solid-state imaging element is too much leaped up, and a
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 solid-state
imaging element is projected from the lens final surface, it
becomes almost parallel to the optical axis, in other words,
the exit pupil positicn of the image pick-up lens is fully
geparated 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, is generated, and the peripheral light amcunt

becomes insufficient. Accordingly, the image side

when a curvature radius of the
r.e.in . which the

he

and



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. Furthernore, in view of the |lens processing, the expression is
al so preferable because the curvature of the second surface is not too
small. On the one hand, when it is |lower than the upper limt value, the
refractive power of the curvature radi ustof the I mge side surface of the
second | ens can be adequately maintained, and the various off-axial
aberrations generated in the third lens with negative power can be
corrected with a well 12 bal ance. Mreover, a securenment of the

tel ecentric characteristic of the imge side light flux can be nade easy.

It is nor e Il owi ng |t r ' [
Sati o eds BB E LR T T e o580 T15) A Tt T e o

sf i ed. 018 . rlcture i e 4 is
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the convex surface is faced to the object side, is, applied. According to
the structure whi EEERCFHTRt BRLHESPRANSHEEE SoPaEhEnp| POIel EREUGHITENE®

second lens is a symmetrical shape wth an aperture stop between them and
t he spher Bafimage pick-up lens written in item 1 or 2, and when a

curvature radius of the image side surface cf the second lens
is R4, the structure in which the conditional expression of
the following (11) is satisfied, is applied.

0.15 < |R4|/E£ < 0.40 (11)

According to a structure written in item 3, the
conditional expression (11) 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 (11), 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. Furthermoére, in view
of the lens processing, the expression is also preferable
because the curvature of the second surface is not too small.
On 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 adequately maintained,
and the various off-axial aberrations generated in the third

lens with negative power can be corrected with a well-



aberration or coma generated in the first lens can be nore finely
corrected. Further, it becones the structure by which the | ateral

chromatic aberration or distortion aberration of the whole imge pick-up

| ens system can be nore easily corrected. A structure witten initem5 is
provided with the sane structure as item1l, and a structure in which the
third lens 1is a neniscus shape in whi ck t he concave surface is faced to
the image side, is applied. 13 According to the structure witten in item
5, 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 | ens can
be noved to the imge side, and while the |lens whole I ength of the whole

i mage pi ckaupgnlens wySiSmr Sal S8UsEsnedt SYEf Lgkepti bagkefocus can be
ens %

secured. Further, because an air et ween the second lens and the

Lhird | ensnboaB0Lh pUCaUa SHEDEBL HURCPITLEEYE1 LeLLICLY G AANRL, L he

secur emen . I'c chardcterrstic-o | ux i'mage-for med
ol eront cbh bE Tate BEyerABLEY LPBReCAFi LOMMOMATE: SRPBLESoBAN ded with
the sanme structure as any one of itens 1 - 5, and the inmage side
expreggion is satiefied.
0.18 < |R4|/f < 0.30 (12)
A structure written in item 4 is provided with the same
structure as the image pick-up lens written in item 1, and a
structure in which the first lens is a meniscus shape in
which the convex surface is faced to the object éide, is
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 sgstop between them, and the spherical
aberration or coma generated in the first lens can be more
finely corrected.
Further, it becomes the structure by which the lateral
chromatic aberration or distortion aberration of the whole
image pick-up lens system can be more easily corrected.
A structure written 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.



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

I mge 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 inmge side surface of the
third lens is A, radius of curvature of the image side surface of the
third lens is R6, and coni c. constant oflihe inage side surface of the
third lens is K6, the aspherlcal surface displacenment X expressed by the
foll owi ng expression (5) and 14 the displacenent of rotational quadric
surface conponent XO of the aspherical surface expressed by the follow ng
expression (6) satisfy the conditional expression of the followng (4) in

a range of heig ﬁecaragngheoamétﬁewce{qwﬁhte&siae&pgadscub%agts@ect'on

whi ch becones hnmax e maxi nmum effective radi us hmax.
X - XO < X= h_R6 _+Y, + 71-(1+K6)h2/ R62 R 6 X0=1+
*{1ake nonkebnifs TePe ae AnmeniechR shaberag. Vhieh SN SSBEVS ho t i rd

surface is faced to the image side, the main point 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 sgecured.

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
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 direction, the height along the
direction perpendicular to the optical axis is h, i-order
aspherical ccefficient 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 congtant of the image side
surface of the third lens is K6, the aspherical surface

displacement X expressed by the following expression {(5) and



lens is defined as an intersection of the i mage side surface and the
optical axis. According to the structure witteninitem®6, when it is
made an aspheric shape which satisfies the conditional 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

peri phery, the negative refractive pomk? grows weak, (furthernore, a shape
having an inflection point in which, while it is a concave surface shape
inthe vicinity of the optical axis, it beconmes a convex surface shape in
t he peripheral portion), the 15 securenent of the telecentric
characteristic of the light flux imge-fornmed on the image pick-up surface
peri pher alhepgt kL9RcohehReogokbeatt aha1 FRAHRY CLeiRRkeC2BmeHERe xeasy. A
structure witten initem?7 is provided With the sane structure witten in
any one of ci r 6, d r.uc I |.C h hrst. _|lens, second

| ens, andéFhﬁggE?éﬁgeg%gngggﬁgécngEESGSFggrgg E&%e?FgHP%%ggapplied.
According to the,str ure writt initem,7, en the .first |ens, second
oo CandetRFPHSE S 18] 6SSET YRS ByRISFACERC FEREESSIPBIGEed Ty t ho
injection_nolding, even when they are |enses whose radius of curvature or
outer di afBtéPwing dfl kN RhE2REESOfr BASHFoR BEcEREs apbdsirpry, optical

axis perpendicular direction which becomes hmax x 0.7 < h <
hmax, to the maximum effective radius hmax.

X - X0 < 0 (4)

hZ
ks W (5)

X =
1+ 1-(1+ K6)h?/ RE?

. )
- /Ré
X0= (6)
1+4/1-(1+ K6)A?/ 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 6, when it
is made an aspheric shape which satisfies the conditicnal
expression (4), because the shape of the third lens image
gide 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
inflection 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



That is, recently, the size reduction of the whole solid imge pick-up
device is ained, and even when it is a solid-state imging el enent of the

sanme pi xel nunber, the pixel pitchis small, and as the result, a
solid-state inmaging el enment whose i nage pick-up surface size is small, is
devel oped. I n such an inmage pick-up lens_for the solid-state inmaging

el emrent whose i mage pick-up surface size®is small, Dbecause it is necessary

that the focal |ength of whole system is made proportionally short, the
radius of curvature or outer diameter of each lens is considerably small
16 Accordingly, processing beconmes difficult in the glass lens which is
produced by the polishing processing. Further, when each lens is fornmed of

the plastggcl,BRenpr 88UCEd DY1LBRNERIIBCLHAR0RLYIRG il BF a3RDaNIGhtsur face
form ng becones easy, and the aberration correction can be finély

conduct ed ey Her 610 e25 oo YAEN 1§A0DR . SOTBRLALILELY R3Sk roduced

even when . armet’er I'en . pt1on a Ss nold | ens
{rans: {1 OHOBGLD Oraf P SRigh: SFACs IRUEASEr) STREE Y BFededs Sisdatur e
when the nold press is conducted is set high, and the wear and tear are
easily generatell FRTURBUEBI WFaftaneinadterer é8uPEFOVEREONWAEEr EHE B8FRaci ng
ti mes or the nunber of

structure written in any one of items 1 - 6, and a structure

in which the first lens, second lens, and third lens are

formed of the plastic material, is applied.

According to the structure written in item 7, 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
golid-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, is
developed. In such an image pick-up lens for the solid-state
imaging element whose image pick-up surface size is small,
because it ig 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.



mai nt enance tines of the nolding die is increased, resulting in the
cost-up. Further, a phrase of "formed of the plastic material"™ includes a
case where the plastic nmaterial is made a base material, and inorganic
fine particle is mxed in the plastic material, or a case where coating
processing is conducted for the purpose_of the reflection prevention or an
i ncrease of surface hardness. A structife witten in item8 is the i mage
pi ck-up unit in which the solid-state inaging elenment having the photo 17
el ectric converting section, imge pick-up lens witten in any one of
itens 1 - 7 for image-form ng the object inage on the photo-electric
converting section of the solid-state imaging elenent, substrate having

term nal SAEQBrQ)ﬁh@i??l r6eBReG higOBWoineld BQlrds e 96 itdeSialed MRging
el ement and conducts Fhe sending and receiving of the electric signal,

and housi pg. havi.ng -t yre ril t | ._.Jncidence fromthe
obj ect sigglgﬁdagonggaggdl#gh?ﬁghﬁgﬁgﬁkgag %ﬁgﬁggépg'integrally f or med,
and a structure_in which the hejght along.the aptic axlLs of the_ imge
o ke up | ons of FUPRECF nmBoR: GRS L6RR: TP ERETeRaPGor MERRhSES SFpoPe
applied. Accqording to the structure witten in item 8, when any one inage
pi ck-up | BRSIHFEE: B Fhei feasctionymoldinged theh@spheric surface

forming becomes easy, and the aberration correction 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 mold lens is also
considered, however, generally, in the glass whose glass
transition point (Tg) is high, it 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
material, and inorganic fine particle is mixed in the plastic
material, or a case where ccating 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 sclid-state imaging element having the photo-



I mage pick-up unit provided with advantages such as nore size reduction
and an increase of the high image quality can be obtained. Further, a
phrase of "aperture portion for the light incidence" is not necessarily
limted to a portion formng a space such as a hole, but is defined to
specify a portion in which an area which can transmts the incident |ight
fromthe object side, is forned. Furth%?, a phrase of "the height al ong
the optical axis of the inmage pick-up | ens of the inage pick-up unit is
not 18 larger than 10 mi is defined to nean the whole |l ength along the
optical axis direction of the image pick-up unit provided wth the
above-descri bed whol e structures. Accordingly, when, for exanple, the

housi ng !élEEE\_‘Ege@oﬁE}_eEIE@nPr%@Eti%w,f@%ﬁg@f Pk -SpPlndl eraRdden
electronic parts are installed on the back Surfacé of the substrate, it is

assured L9t chidecd! stangeslLon L Ladg eidacpRrtd A uicc s b

obj ect si the housing, to the'l € ng ortion t he ectronic
Tobi ot ofRPRERoRET ELERCFAC FORVS=RABE: & SFira oS BRuStE: SAMIER A Spr ovi ded
with the Egggﬁngig%é%gn%?i;ubgggg%gnhggihgeggghinals for external
connection which holds the solid-state imaging element and
conducts the sending and receiving of the electric signal,
and housing having an aperture portion 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 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, is used, the
image pick-up unit provided with advantages such as more size
reduction and an increase of the high image guality can be
obtained.
Further, a phrase of “aperture portion for the light
incidence” is not necessarily limited to a portion 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




According to the structure witten in item9, when the inmage pick-up unit
witten in the item8 is nounted, the above-described size reduction,

wei ght reduction are intended, and the nobile term nal which can conduct
the imge pick-up of the high inmage quality, can be realized. A structure
witten in item110 is an inmage pick-up Jens which consists of, in order
fromthe object side, the first |ens Hﬁ%ing the positive refractive power,
and a convex surface is faced to the object side, an aperture stop, the
meni scus- shaped second | ens having the positive refractive 19 power, and a
convex surface is faced to the inmage side, and the third I ens having the
negative refractive power, and a concave surface is faced to the i mge

side, and;grghtuchdhe;ol RmwhighgethaBaa tboRRhnl @Rgt Rnef el hengthShilers is
fl1, a focal "Iength of the third lens is f3 and the focal l|length of "the

ol | owi g rsi5PsaaR St er SELER ePrege' PR JRRHH, §1R B RtH b2y 8, 1y
-1.5 < f3/f < -0.5 (22) According t he structure witten.in item 10,
pecause Tt tist4aB0RAPr B4SRErBHol AL 8 LFHE B Rst 1 BET PR AL YR ch, i
order Tromine edkekanpie, the BoNeing’ i D3cYi3%8 on 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 portion which is the
object side of the housing, to the leading edge portion of
the electronic parts which protrudes on the back surface, is
not larger than 10 mm.

A mobile terminal written in item 9 adopts the
structure which is provided with the image pick-up unit
written in item 8.

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 terminal which can conduct the image
pick-up of the high image quality, can be realized.

A structure written in item 10 is an image pick-up lens
which consisgts 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



conposed of the first lens and the second lens and the third Iens in which
the concave surface is faced to the inmage side, are arranged, it is

advant ageous 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 js allotted by the first I ens and
the second | ens, the generation of the %%herical aberration or coma can be
suppressed. Further, the aperture stop is arranged between the first |ens
and the second | ens, and because the first I ens has the shape in which the
convex 20 surface is faced to the object side, and the second |lens has a
meni scus shape in which the convex surface is faced to the imge side, it

is the stﬁe%weaha whiehvelesl,akaral j CRLoERt ke aber rl?fralg%n sQlqedi Shier ti on
aberration is easil corrected. FEFEIH the conditional “expression (21) is

o expr e55lLop, WLChLEOHLaLES, LIS LELEACULVE BRUEL 0L Lhecll a ens.

When it iS ess e uppe expr

positive refractiv ower t he flrst Iens can e appr.opri teI

ot af neliSh ARt HATEREE of ERBSOwhb! EiPengeroobitie PREGS SLCRSGH Fens can
be reduced. On the one hand, when it _ exceeds than the |l ower Iimt val ue,
the refraBt VoaCBowsPeBf at fECRlr 48NPSR Ofs thet fisetl A58 dfadlvhé

focal length of the third lens is £3 and the focal length of
the whole image pick-up lens system is £, the conditional
expressions of the following (21) and (22) are satisfied, is
applied.

0.8 <« f1/f < 2.0 (21)

-1.5 < £3/f < -0.5 (22)

Accerding to the structure written in item 10, because
it is 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, it 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 ig 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

becauge the first lens has the shape in which the convex



necessary one, and the higher order spherical aberration or coma, which
generates in the first lens, can be suppressed snall. Further, the

condi tional expression (22) to regulate the refractive power of the third
|l ens. When it exceeds the lower |imt in the expression (22), the negative
refractive power of the third | ens can be appropriately naintained, and
the size reduction of the whole |ength 4% lens and the correction of the
of f-axi s aberrations such as the curvature of field or distortion
aberration can be finely conducted. 21 On the one hand, when the setting
is made so as to be lower than the upper Iimt value of expression (22),
the negative refractive power of the third lens is not too |larger than the

necessarygQpe,-andst L8yl 8oNPheass Wher 1hRe Lihahthbl WecdntPaenkonagd on
t he i mage plcﬁ-up surface perlpherap portion of the solid-state inaging

h
el ement, s nuch e . th e n e.tel tric
character%s?%§98?u§h§k$§§ggnugpaghl?aﬁtggﬁﬁggcéH%%gkga&% g%?%ﬁ ﬁgrgﬁﬁ, t he
image side tele-cetric _charagteristic means %ha : ftﬁr a chief ray of
li ght of %W@gFiﬁﬁgeflﬁﬁ LHabee POFREGYSR tHeY ﬁﬁéetgﬁc GG &dr f ace of the

solid-state imaging elenent is projected fromthe | ens final surface, it
becones afhblrapafafPerrebipReCspiesPratry, aprrygfdrrndedsasily

corrected.

Herein, the conditional expression (21) is an
expression which regulates the refractive power of the first
lens. Wheﬁ it is less than the upper limit value in the
expression (21), the positive refractive power cf the 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 order spherical aberration or
coma, which generates in the first lens, can be suppressed
small.

Further, the conditional expression (22) 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 cff-axis aberrations such as the curvature

of field or distortion aberration can be finely conducted.



the exit pupil position of the inmage pick-up lens is fully separated from
the image surface. When the telecentric characteristic becones poor, the
light flux is incident on the solid-state inmaging element froma slant
direction, and a shading phenonmenon by which, in the peripheral portion of
the inmage pick-up surface, a practical_aperture efficiency is decreased,
is generated, and the peripheral |ight Zhount  becones insufficient.
Accordingly, the image side telecentric characteristic is a necessary
characteristic for an image pick-up lens using the solid-state inmaging

el ement. 22 Further, because the |ens conposition as described above is a
conposition which can secure a slightly large eccentricity allowance of

each Iens@nfeﬁ?eéagphgndétwhaﬁ Ehgﬁﬁﬁggiggsaffﬁ@égcgboas f¥eBeRethe

optical axis of each lens s asse a mnute anount deviation

fromthe sage caLraball hine. LASLe L3 also e sl iao) Lhgk thed.mae

deterioration Rar genera NS pertormande Can

appropriate mai, nt ai ned. A_structure itten in item 11 has the sa
PPt ur oS d i PhagBBr cREUBMEohB AR LeBR PR POGEDS, Latdetnegag the
curvature radius of the inmge side surface of the second lens _is R4, the
struct ur ePPREGRREN PRE. cBRdI EheKEl 18xPre§dr8nwWbeTe: hoef GILBeN td¥l1) is
satisfied, is applied.

image-formed on the image pick-up surface peripheral portion

of the solid-state imaging element, is toc much leaped up,
the sgsecurement of the telecentric characteristic of the image
gide light flux can be made easy.

Herein, the image side tele-cetric characteristic means
that, after a chief ray of light of the light flux image-
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 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
telecentric characteristic is a necessary characteristic for

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



0.15 < IR41/f < 0.40 (31) According to a structure witten in item11l, the
condi ti onal expression (31) properly regul ates an absolute value of the
curvature radius of an image side surface of the second |lens. Wen it
exceeds the lower Iimt value in the expression (31), the refractive power
of the image side surface of the second lens is not too |arger than the
necessary one, and cona flare of the of42 axi s | ight fluxes and barrel
distortion are suppressed. Furthernore, in view of the |ens processing,
the expression is also preferable 23 because the curvature of the second
surface is not too small. On the one hand, when it is |ower than the upper
limt value, the refractive power of the curvature radius of the imge

side surface ofpthenspcopdc.LeRs €AB penadeg ﬁgshxlaal AkalBgdyipand the

various of f-axial aberrations generated in t hird lens wth negative

h I f th
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It is nore preferable, en the n condltlonal Xpression is
Lt of | ousche bt Lok Al ISVahas PRop ARt L ehar BT BRerE S o G 5 e

provided with the sanme structure as the_ image pick-up lens witten in item
10, of mass production, even when the optical 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.

A structure written in item 11 has the same structure
ags an image pick-up lens written in item 10, and when a
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 value 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 expressgsion ig also preferable



and a structure in which the first lens is a neniscus shape in which the
convex surface is faced to the object side, is applied. According to the
structure witten in item 12, the shape of the first |lens and the second
lens is a sycmmetrical shape with an aperture stop between them and the
spherical aberration or coma generated in the first |ens can be nore
finely corrected. 24 Further, it becon®d the structure by which the

| ateral chromatic aberration or distortion aberration of the whole inmage
pi ck-up |l ens system can be nore easily corrected. A structure witten in
item13 is provided with the sanme structure as item 10, and a structure in
which the third lens is a neniscus shape in which the concave surface is

faced 10 bBealBBOES! darvheutlPLiedne SRRLANGuEE ldae 18t FUR! Wed Wrldihen [ n
item 13, because the th lens is a nenlscus shape in which the concave

surface i 5,1 866 1.9 16,1 ThgE SLde, L 16, A0 B0 ByePOSELON e LA LN 1

| ens can be rove i mage Side, whol & 1 engt
can bo. scEiPeRe<FAFEAGF, PRNETALE E‘a'rc?zrﬁr%ﬁﬁ%%eméﬁf‘é{ hkc'giﬂ@f)a&%%énl‘)czﬁd
the third | ens is _both concave shape, by its positive , i
side surface of the second lens can be adequately maintained,
and the varicus 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 light flux can be made easy.
It is more preferable, when the following conditiohal
expression is satisfied.

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 ig faced to the object side, is
applied.

According to the structure written in item 12, the
shape of the first lens and the second lens is a symmetrical
shapre with an aperture stop between them, and the spherical

aberration or coma generated in the first lens can be more

finely corrected.




refractive power, the securenment of the telecentric characteristic of the
light flux inage-fornmed on the image pick-up surface peripheral portion of
the solid-state inaging elenent can be nmade easy. A structure witten in
item14 is provided with the sane structure as any one of itenms 10 - 13,
and the image side surface of the third |l ens has a structure in which,

when the apex of the image side surfacttis an origin, the X axis 25 1is
defined in the optical axis direction, the height along the direction
perpendi cular to the optical axis is h, i -order aspherical coefficient of
the i mage side surface of the third lens is A, radius of curvature of the
i mge side surface of the third lens is R6, and conic constant of the

i mge side surfacengl, the bBbbfebePhel 8tklctlibe B§puﬁ&bﬁakhéun5%e%a1
di spl acement X expressed by the fol [owi ng expression (25) and

d'Sp'ace"EHEoﬂétEBtQE'%QQ% ﬁﬁagE'ﬁlé% 248 %%E?g%?&oﬁoofthEh%h%ﬁ%her'Ca

surface expresse EXPreéssi o e conditional
expression of the %'arbltrary

opti cal iW@gﬁePbEHdPEuﬁSPsdF&SEFf“oﬁaﬁhF’ gfg’é@oﬁéélﬂéfafofrﬁcf L < e,

to the maxi mumeffective radius hmax. X - XO < 0 (24)
A structure written in item 13 is prov1ded with the

gsame structure ag item 10, 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.

According to the structure written in item 13, because
the third lens is a meniscus shape in which the concave
surface is faced to the image side, the main point position
of the third lens can be moved to the image side, and while
the leng 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 its positive
refractive power, the securement of the telecentric
characterigtic 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



X=hy +EA h" (25) 1+ 1-(1+K6)h2/R62 z h R X0= 6 (26) 1 +

| - (1+K6) h2/ R62 Herein, an apex of the imge side surface of the third |ens
is defined as an intersection of the imge side surface and the optical
axis. According to the structure witten in item 14, when it is made an
aspheric shape which satisfies the conditional 26 expression (24), because
the shape of the third | ens inage side*urface is a shape in which, as it
is separating from the 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 beconmes a convex surface shape in the

per i pher ah spGEEL ARk, shNEneS EEE%E@“E:&E b2 el BeeNLHC Hehaackadsti ¢ of

the |ight ux | mage-forne he 1 nmage pick-up surface peripheral
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witten i I'tem

aspherical coefficient of the image side surface of the third
lens is Ail, 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 X6, the aspherical surface
displacement X expressed by the following expression (25) and
the displacement of rotational quadric surface component X0
of the aspherical surface expressed by the following
expressicn (26) satisfy the conditional expression of the
following (24) in a range of height h in the arbitrary
optical axis perpendicular direction which becomes hmax X 0.7

< h <« hmax, to the maximum effective radius hmax.

X - X0 < @ (24)
hz
= ks > Ak (25)
1+4/1-(1+ K6)h?/ RE?
hz

1+ JI-(+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



sanme structure witten in any one of itenms 10 - 14, and a structure in
which the first lens, second lens, and third |ens are fornmed of the
plastic material, is applied. According to the structure witten in item
15, when the first lens, second lens, and third |lens are structured by
pl astic | enses produced by the injection nolding, even when they are

| enses whose radius of curvature or out¥} dianeter is small, the nass
producti on beconmes possible. That is, recently, the size reduction of the
whol e solid imge pick-up device is ainmed, and even when it is a
solid-state imagi ng el enent of the sanme pixel nunber, the pixel pitchis
small, and as the result, a solid-state 27 inmaging el enent whose i nage

pi ck-up 58???@§s§559(bﬁ)?ﬁﬁ%bau&% tfevehapedor! RhaUeh 2@ eRge iRiagke- up | ens
for the soltd-state 1 mging el enent whose i mage pick-up surface size is
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made proportironall'y short, e radius of ‘¢urvafturé€ or ~outer d aneter of
each lens _js considerably small. ., Accordingl .processi becones difficult
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when each lens is formed of the plastic |lens produced by the injection
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correction can be .
inflection 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 portiocn), the
securement of the telecentric 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 15 is provided with the
same structure written in any one of items 10 - 14, and a
structure in which the 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 ig 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-gtate



finely conducted. Herein, as a |lens which can be conparatively easily
produced even when it is a snmall dianeter |ens, the adoption of a glass
nold lens is also considered, however, generally, in the glass whose gl ass
transition point (Tg) is high, it is necessary that the press tenperature
when the nold press is conducted is set_high, and the wear and tear are
easily generated in the nolding die. At he result, the nunber of repl aci ng
times or the nunber of nmaintenance tinmes of the nDIding die is increased,
resulting in the cost-up. Further, a phrase of "fornmed of the plastic
material” includes a case where the plastic material is nade a base 28
material, and inorganic fine particle is mxed in the plastic material, or

a case V‘h%égEHQté@@m@ﬁecﬁﬁébeg1tn§gEOB§HET~ﬁE EorrakbBe spuenpese sphitifeis
reflection preventlon or an increase of surface hardness. A structure
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i magi ng e enen aving t i ng sec
pi ck-up lens witt one, of ] the
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i magi ng el enent, substrate having term npals for _external connection which
hol ds thebgﬁﬁPEes%Etéslﬁﬁ@?ﬁaarY that the focal length of whole system

ig made proportionally short, the radius of curvature or
outer diameter of each lens is considerably small.
Accordingly, processing becomes difficult in the glass lens
which is produced by the polishing processing.

Fufther, when each lens is formed of the plastic lens
produced by the injection molding, the aspheric surface
forming becomes easy, and the aberration correction 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 mold lens is also
congidered, however, generally, in the glass whose glass
trangition point (Tg) is high, it 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 cosgt-up.

Further, a phrase of “formed cf the plastic material”

includes a case where the plastic material is made a base



el ement and conducts the sending and receiving of the electric signal, and
housi ng havi ng an aperture portion for the light incidence fromthe object
side and forned of light shielding nenber, are integrally forned, and a
structure in which the height along the optical axis of the inage pick-up
| ens of the inmage pick-up unit is not larger than 10 mm is applied.
According to the structure witten in i4%m 16, when any one inage pick-up
lens witten in itenms 10 - 15, is used, the inage pick-up unit provided
wi t h advant ages such as nore size 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 formng a

space suc ol but, .1 i t hLy 4 HOR i I area
Whroh can Tsanea (s TRe rREdSar [TGht PFrom Lo Sob e o P e
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qeflned_to nmean t he mhg!e Ieng&? along t he ogtlcal axi s .direction_of the
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Accordi ngly, when, for exanple, the housing is provided on the front
surface hardness.

A structure written in item 16 is the image pick-up
unit in which the solid-state imaging element having the
photo-electric converting section, image pick-up lens written
in any one of itemg 10 - 15 for image-forming the object
image on the photo-electric converting section of the solid-
state imaging element, substrate having terminals for
external connection which holds the solid-state imaging
element and conductg the sending and receiving of the
electric signal, and housing having an aperture portion 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 of the image pick-up
lens of the image pick-up unit is not larger than 10 mm, is
applied.

According to the gtructure 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 quality can be

obtained.



surface of the substrate and the electronic parts are installed on the
back surface of the substrate, it is assunmed that the distance fromthe

| eadi ng edge portion which is the object side of the housing, to the

| eadi ng edge portion of = the electronic parts which protrudes on the back
surface, is not larger than 10 nm A nobile termnal witten in item 17
adopts the structure which is prOV|de§?Mth the image pick-up unit

witten in item 16. According to the structure witten in item 17, when the
i mage pick-up unit witten in the item16 is nounted, the above- descri bed
si ze reduction, weight reduction are 30 intended, and the nobile term nal
whi ch can conduct the image pick-up of the high image quality, can be

realized. Accorglipghdp, thepstsset Y evdbbit Pel ﬂokE@thfo.tch@hE' 184nel ens,
second lens, and third lens are | ens conposition of so- called telephoto

type, anda§9%dshés~r%nggtOﬂeggsggglpgghﬁglkgﬁstgegggareae bgoi i gpdgd. and

the aberration can be f corr ause t'he positive

refractive power d he fi.r and th second, l.ens
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Pecause e R n s s PRich Sékaﬂggﬂsﬁﬁ%éeﬁﬂet NS cident 190kt 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
larger than 10 mm” is defined to mean the whole length along
the optical axis direction of the image pick-up unit provided
with the above-degcribed whole structures. Accordingly,
when, for example, the housing is provided on 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 portion which is the
object side of the housing, to the leading edge portion of
the electronic parts which protrudes on the back surface, is
not larger than 10 mwm.

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-desgscribed size reduction, weight reduction are




and the second lens, and the first Il ens has the shape in which the convex
surface is faced to the objective side, and the second lens is a nmeniscus
shape in which the convex surface is faced to the imge side, the
correction of the lateral chromatic aberration or distortion aberration
can be nmade easy. Further, according to t he conditional expression (1)

whi ch regul ates the refractlve i ndex of3%fhe first Iens, when the setting
is made so as to be |ower than the upper limt value, the positive
refractive index of the first |l ens can be appropriately maintained, and
the size reduction of the whole Ilength of the imge pick-up | ens becones
possible. On the 31 one hand, when the setting is nmade so as to be |arger

than  the keuehel, Mhbo Bhiencka PashsvR.r SIS 14 IARET e srldget

lens is not too larger than the necessary one,

spheri cal rrati whi ch erates the flrst Iens can be

suppresse8§§ guF%ﬁe +9 c&gngn&%F lfﬁé 5€W5Fi f%re35|on (2) to
finely correct the C ronatlc berrati on of | ens
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val ue, the axial chromatic aberration and |lateral chromatic aberrati on can
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t he
called telephoto type, and the size reduction 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, generation of
the spherical aberration or coma can be suppressed. Further,
because the aperture stop is arranged between the first lens
and the second lens, and the first lens has the shape in
which the convex surface is faced tc the objective side, and
the second lens is a meniscus shape in which the convex
surface is faced to the image side, the correction of the
lateral chromatic aberration or distortion aberration can be
made easy.

Further, according to the conditicnal 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 of 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



upper limt value in the expression (2), the lens material which is
practically not appropriate, can be excluded. According to the structure
witten in item2, when the setting is made so as to be larger than the
lower Iimt value according to the conditional expression (3) to regulate
the refractive power of the third lens, the negative refractive power of
the third I ens can be appropriately nai%&ained, 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 nmade so as to be | ower
than the upper limt value of expression (3), the negative 32 refractive

power of the hBhEd |8B& kﬁenBEtTtQﬂlgl AE0RGAENAR bRE £ NBECI8GEORBaANd
there is no case where the |ight I mge-forned on the i'mage pick-up
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value of the curvature radius of an image side surface of the second |ens,
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not too | arger than
the first lens, can be suppressed small.

Further, according to the conditional expression (2) to
finely correct the chromatic aberration of the whole image
pick-up lens system, when setting is made so as to be larger
than the lower limit value, the axial chromatic aberration
and lateral chromatic aberration can be corrected with a
well-balance. Further, when the setting is lower than the
upper limit wvalue in the expression (2), the lens 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



t he necessary one, and coma flare of the off-axis light fluxes and barrel
distortion are suppressed when it exceeds the lower limt value in the
expression (11). Furthernore, in view of the |lens processing, the
expression is also preferable because the curvature of the second plane is
not too small. On the one hand, when it is lower than the upper [limt

val ue, the refractive power of the curv ure radius of the i mage side
surface of the second |l ens can be adequately rmaintained, and the various
of f-axial aberrations generated in the third lens with negative power can
be corrected with a well-balance. Mreover, a securenent of the

tel ecentric characteristic of the imge side light flux can be nade easy.
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generated in the first |ens,

the securement of the telecentric characteristic of the image

side light flux can be made easy.

According to a structure written in item 3, the
conditional expression (11) which properly regulates an
absolute value of the curvature radius of an image side
surface of the second lens, allows that the refractive power
of the image plane 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 when it exceeds
the lower limit value in the expression (11). PFurthermore, in
view of the lens processing, the expression is also
preferable becausge the curvature of the second plane is not
too small. On the one hand, when it is lower than the upper
limit value, the refractive power of the curvature radius of
the image gide surface of the second lens can be adequately
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 light flux can be made easy.



can be nore finely corrected. Further, it becomes a structure in which the
| ateral chromatic aberration or distortion aberration of the whole i mge
pi ck-up lens systemis nore easily corrected. According to the structure
witten in itemb5, because the third lens is a neniscus shape in which the
concave surface is faced to the inmage side, the main point position of
the third lens can be noved to the i mage side, and while the whole length
of the Iens of the whole imge pick-up lens systemis reduced, the
sufficient back focus can be secured. Further, because air |ens between the
second lens and the third | ens becones a both-concave shape, by its
positive 34 refractive power, the securenent of the telecentric

char act er 511 g o (fe Lhght 1 LLx, LABOgA 0L HEdsEohAe1 B0ga Bl CK-up surface

peri pheral porti e SO state 1magi ng elenent can be made easy.

According to the.structure wjiten in item6,. whe h third | L mge
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an aspheric surface shape which satisfies the condihio al expression (4),
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i mage-fornmed on the image pick-up surface peripheral portion of the

sol i d- st dpe heaegi hgnel enearregheBe nmade easy.

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

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

Further, 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 to the image side, the main point position
of the third lens can be moved tc the image side, and while
the whole length of the lens of the whole image pick-up lens
system is reduced, the sufficient back focus can be secured.

Further, because air lens between the second lens and

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



According to the structure witten initem7, when the first |ens, second
| ens, and third |l enses are structured by plastic |enses produced by the

i njection nolding, even when they are | enses whose radius of curvature or
outer diameter is small, the mass production becones possible. Further,
because the formation of aspheric surface is easy, the aberration
correction can be easily and accurately34conducted. According to the
structure witten in item 8, when the image pick-up |Iens by which
above-descri bed each effect can be realized, is nounted, the imge pick-up
unit provided with 35 advantages such as size reduction, weight reduction,
formation of high inmage quality, can be provided. According to the

structur er%%%%@?v&“pb%&@, 9th\eh%ecw@me}l!aﬂa RiheK R elbRink Y, Whi ch

above-descri each efrect can be realized, 1s nounted, while intending
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the size reduction of the whole lens Iength can be intended, and the
aberrati ogle@anpecan be made easy.

According to the structure written in item 6, when the
third lens image side surface which is a surface positioned
at the most image side, is made an aspheric surface shape
which satisfies the conditional expression (4), the
securement of the telecentric 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.

According to the structure written in item 7, when the
first lens, second leng, 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
ig small, the mass production 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 B, when the
image pick-up lens by which above-described each effect can

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



finely corrected. Further, because the positive refractive power is
allotted by the first lens and the second | ens, generation of the
spherical aberration or coma can be suppressed. Further, because the
aperture stop is arranged between the first lens and the second | ens, and
the first lens has the shape in which the convex surface is faced to the
obj ective side, and the second |ens is*@ meniscus shape in which the
convex surface is faced to the image side, the correction of the [|ateral
chromatic aberration or distortion aberration can be nade easy. 36
Furthernore, according to the conditional expression (21) which regul ates
the refractive power of the first lens, when the setting is nade so as to

be | over é@@@nﬁggegpgﬁéh LEg%gFXaEHSuFEESnpO%EEgKE ehlagtbye power of the

first lens can be appropri y marntained, and the size reduction of the
whol e length of .the | e pick-up | ens_becones, possibl.e. . On the one hand,
when it eggﬁﬂﬁ * ﬂaﬂkgﬁggpoﬁgﬁg?iﬁP?T§§Vﬂe?antH PgPyé599Ve power of the
first lens is not too large than the necessarg one, and the hjigher order
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suppressed small. Further, the conditional expression (22) to regul ate
image pick-up unit by which above-described each effect can

be realized, is mounted, while intending the size reduction
and weight reduction, the mobile terminal by 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 composgition
cf so-called telephoto type, and the size reduction of the
whele 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, generation of
the spherical aberration or coma can be suppressed. Further,
because the aperture stop is 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 is faced to the image side, the correction of the
lateral chromatic aberration or distortion aberration can be

made easy.




the refractive power of the third | ens, when the setting is made so as to
be upper than the lower Iimt value, the negative refractive power of the
third | ens can be appropriately maintained, and the size reduction of the
whole Ilength of Iens 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 sé§§ing is made so as to be | ower
than the upper limt value of expression (22), the negative refractive
power of the third lens is not too |arger than the necessary one, and
there is no case where the light flux imge-fornmed on the inmage pick 37
up surface peripheral portion of the solid-state imaging elenent, is too
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i mage side |ight X can made easy. According to a structure witten
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can be appropriately maintained, and the size reduction of
the whole length cof the image pick-up lens becomes possible.
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 order spherical aberration
or coma, which generates in the first lens, can be suppressed
small.

Further, the conditional 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 value, the
negative refractive power of the third lens can be
appropriately maintained, and the gize 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 g0 as te 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-



view of the lens processing, the expression is also preferable because the
curvature of the second plane is not too snmall. On the one hand, when it
is lower than the upper Ilimt value in the expression (11), the refractive
power of the curvature radius of the image side surface of the second

| ens can be adequately maintai ned, and the various off-axial aberrations
generated in the third lens with negatFﬁ% power can be corrected with a
wel | - bal ance. Mreover, a securenent of the telecentric characteristic of
the image side light flux can be nmade easy. the shape of the first |ens
and the second lens is a symretrical shape with an aperture stop 38
between them and the spherical aberration or coma generated in the first

| ens can in ; t egye [ Q h Ruet ure by
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According to a structure written in item 11, the
conditional expression (31) which properly regulates an
abgolute value of the curvature radius of an image side
gurface of the second lens, allows that the refractive power
of the image plane 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 when it exceeds
the lower limit value in the expression (11). Furthermore, in
view of the lens processing, the expression is also
preferable because the curvature of the second plane is not
too small. ©On the one hand, when it is lower than the upper
limit value in the expression (11), the refractive power of
the curvature radius of the image side surface of the second
lens can be adequately 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 light
flux can be made easy. the shape of the first lens and the

gecond lens is a symmetrical shape with an aperture stop



i mage pick-up lens systemcan be nore easily corrected. According to the
structure witten in item 13, because the third lens is a neniscus shape
in which the concave surface is faced to the inage side, the nain point
position of the third | ens can be noved to the inmage side, and while the
| ens whole | ength of the whole inmage pick-up I ens system is reduced, a
sufficient back-focus can be secured. Blrther, because an air |ens between
the second lens and the third lens is both concave shape; by its positive
refractive power, the securenment of the telecentric characteristic of the
light flux inmage-forned on the image 39 pick-up surface peripheral portion
of the solid-state imaging elenent can be nade easy. According to the
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first lens, second lens, and third | enses are structured bg p&ﬁgiéc | enses
produced Byrdrheet imjaeeiont hoh ddnglisvernt iwwenaberration of the
image pick-up lens system can be more eagily corrected.
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 coma generated in the first lens can be more
finely corrected.
Further, it becomes the structure by which the lateral
chromatic aberration or distortion aberration of the whole
image pick-up lens system can be more easily corrected.
According to the structure written in item 13, because
the third lens is a meniscus shape in which the concave
surface is faced to the image side, the main point 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 sgecured.
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

characteristic of the light flux image-formed on the image



they are | enses whose radius of curvature or outer dianeter is small, the
mass production becones possible. Further, because the formation of
aspheric surface is easy, the aberration correction can be easily and
accurately conducted. According to the structure witten in item 16, when
the 1image pick-up | ens by which above-descri bed each effect can be
realized, is nmounted, the inage pick-u uni t provided with advantages such
as size reduction, weight reduction, formation of high imge quality, can
be provided. 40 According to the structure witten in item 17, when the

i mage pick-up unit by which above-descri bed each effect can be realized,
is mounted, while intending the size reduction and weight reduction, the

mobi | €  aryipal, by, WD Lhe; (hobal | 9BHEI GAbE ¥né BEIAL6Kate SRAgbRg

conduct edt.” can e provid According to Fig. 1 and Fig. 2, enbodi nents of

the present inventian will be scribed below. Fig. 1 shows a perspective
vi ew of éﬁﬂVWEQ% PEKETP™ ?te%%§Mhich is the present enbodinent, and Fig.
2 is aviewin which a cross  section along the optic xi s of i age
pi ck- up opti calACeIEGHE Jf° (e | g Prek- Tt Unft B0 }serﬁy%?ba‘f?%qs%%ﬁn
The image pick-up unit 50 is Provided,mﬁth a CNCS,t¥ge

image side surface of the third lens posit ned closest to

the image plane is made an aspheric shape which gsatisfies the
conditional expression (24), the securement of the
telecentric 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.

According to the structure written in item 15, when the
firgt 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 gsurface is
easy, the aberration correction can be easily and accurately
cenducted.

According to the structure written in item 16, when the
image pick-up lens by which above-describéd each effect can
be realized, is mounted, the image pick-up unit provided with
advantages such as size reduction, weight reduction,

formation of high image quality, can be provided.



i mge sensor 51 as a solid-state imging el enment having a photoelectric
conversion section 5l1a, and an inmage pick-up optical system 10 as an i mage
pi ck-up lens by which an object imge is imge picked-up on the
phot oel ectric conversion section 51a of this imge sensor 51, a substrate
52 having a termnal 54 for external caonnection which holds the inmage
sensor 51, and conducts sendi ng and reé@iving of its electric signal, and
a housing 53 as a lens barrel which has an aperture for |ight incidence
fromthe object side and is 41 conposed of a l|light shielding nenber, and
they are integrally forned. In the inmage sensor 51, the photoelectric
conversion section 5la as a light receiving section in which, in the

central portion Rl RN Ahd le hidlizd SRAIMAN S dfoerk 7, RIR@h the

(photoel ectric conversion elenent) is second dinensionally arranged is
Such a s\ GRS B UsegRi g o ket r e Srr DEREEEaHEged Sivh e Bt et on
by whi ch each pixel _is successively driven and.a sjgnal, electric.charge is
obt ai ned, PV TP EbHRE si bhH BRERE IR thb\jﬂ‘?chnt%% hidg Bﬁ%l Sé?%c??it’l%cgh%ge is
converted into a digital signal, and a signal processing sectiogib% whi ch
an i mage and gredgliut pedutsienr nelde bpolbsl agternsnal gpy avhsrgnihe

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 unit 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 optical

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 as an image pick-up lens by which an object

image is image picked-up on the photoelectric conversion

section 5la of this image sensor 51, a substrate 52 having a

terminal 54 for external connection which holds the image

gensor 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




Further, in the vicinity of periphery of the plane on the |I|ight receiving
side of the inmage sensor 51, many nunber of pads (drawi ng is negl ected)
are arranged and connected to a substrate 52 through a wire W The inage
sensor 51 converts the signal electric charge fromthe photo conversion
section 5la into an imge signal such as a digital YUV signal, and

outputs it to a predetermned circuit 8% the substrate 52 through the wire
W Herein, Yis a lumnance signal, U( =R - Y) is a color difference
signal between red and the 42 |um nance signal, and V( =B - Y) is a
color difference signal between blue and the | um nance signal. Further,
the image pick-up elenent is not limted to the CMOS type imge sensor

but the ot dgl e saich AR CRLIEY 9 s, Uaehoed NCasalbElet &2 521 hasg ea slippor t

pl ate 52a suppor i mage sensor 51 and a housing 53 on its one
pl ane, and a flexible substrate 52b whose one end portion is connected to
the rear fte (opposite side surface to the i mage sensor 51) of the

Si'Gnal  tFansn <51 PO EGIATE ot - A I TALR SRAPEEROTS one

plane side, it is connected to the wire Wof the abovﬁ‘dﬁscﬁhbgﬁeinage

sensor 5lsecnibonbizars sar i belt srgeeiving section in which,
central portion of a plane on its light receiving side, the
pixel (photoelectric conversion element) ig second
dimensionally arranged is formed, and in its periphery, a
signal processing circuit 51b is formed. Such 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 conversion section by which
each signal electric charge is converted into a digital
signal, and a signal processing section by which an image
signal output is formed by using this digital signal.
Further, in the vicinity 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 to a
substrate 52 through a wire W. The image sensor 51 converts
the signal electric charge from the photo 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




connected to the flexible substrate 52b. In the flexible substrate 52b, its
one end portion is connected 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 inage
pi ck-up unit is nounted) are connected, . through the external output

termnal 54 provided on its other end480rtion, and the flexible substrate
receives the supply of the voltage for driving the inage sensor 51 or
clock 43 signal fromthe external circuit, or can output the digital YW
signal to the external circuit. Furthernore, a mddle portion in the

| ength direction of the flexible substrate has the flexibility or

defornBIifuthégﬁgtgﬁgﬁg@,q¥nat§ (defproety ops sdegsesrofiifreednsei s given
to the support plane “52a, for the sense or arrangenent of the external

out put tserﬁ%]%g:b%{vpeeerbﬂﬁf&ggaég’ %ﬁ%fiﬁ(rﬁ%%nggu-épﬁgglpn the plane on which

t he i nage on e suppor | ate a of t substrate 52 is

provi ded, by adhesi.on, der, the condition ,th t | age; reb1 is

housed in its iTHE ¥ THAS i dNa9g R Lﬂﬁrﬁf?ﬂ§$% ?%f%%% ?ﬂﬁggé %énanner

that a portion on the imge sensor 51 side is mﬁdel¥ ogen din ﬁDnanner
Ce ﬁ 5
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be used.

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 52b whose one end portion is connected to
the rear surface (opposite side surface to the image sensor
51) of the support plate 52a.

The support plate 52a has many number of pads for
gignal transmission provided on front and rear surfaces, and
on its one plane side, it isg 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, its one end portion is
connected to the support plane 52a as described above, and
the support plane 52a 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 voltage for driving the image sensor 51 or clock



formed bottonmed-cylindrically having an aperture, and on the support plate
52a, the end portion on the inmage sensor 51 side is contacted with and
fixed on it. Further, the end portion on the inage sensor 51 side of the
housi ng 53, may also be contacted with the periphery of the photoelectric
conversion section 51la on the image sensor 51 and fixed. Further, the
housing 53 is used in such a manner th&3 the other end portion on which an
aperture is provided, is faced to the object side, and inside the
aperture, an IR 44 (infrared ray) cut filter 23 of an inage pick-up
optical system which will be described later, is provided. Then, in the
housing 53, the image pick-up optical system 10 is housed and held. The

i mage picky t}gpﬂ&@r%ggséﬁ%%ga*ﬂaélraﬂﬁt' RogUbanf bh&gﬁt%hera\.{gmtbmg t he

i nci dence © e1n ray from obj ect sid he i mage pick-up | ens

he. convEX! st FIth T8 THE SALSELCL| AECRRE mnt Sie Eh Ao Sheann. | en L2

the conv € nmeni scus shaped second |ens L2
having the positiye refractive omer and fac .convex ey t he
obj ect siBRTELRAT %ﬂetFﬁliﬂngEﬂs E{ecﬁéQPn8§ hgg EgsﬁﬁgieréPPsg Fg% po%er
and facing the concave surface to the object side, are arranged in the
order frowrnethbevbpétity¥ds; daﬁﬁrmﬁélaﬁePFGPErgYopaé daP¥ah§Ed bet ween t he

deformation, degree of freedom is given to the support plane
52a, for the sense or arrangement of the external output
terminal.

The housing 53 is fixedly equipped on the plane on
which the image sensor 51 on the support plate 52a of the
substrate 52 is provided, by adhesion, under the condition
that the image sensor 51 is housed in its inside. That is,
the housing 53 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 cther end portion on which an aperture is provided, is

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



first lens L1 and the second lens L2. This image pick-up optical system 10
structures the aperture stop S and each of lenses L1, L2 and L3 as the
optical system and conducts the inage formation of the object imge on
the solid-state imaging elenent. Further, in Fig. 1, it is defined that the
upper side is the object side and the |lower side is the inage side, and
the dashed line in Fig. 2 is the optiéél axis common to each of |enses Li,
L2 and L3. 45 The IR cut filter 23 is, for exanple, an al npost
rectangle-likely or circularly formed nenber. Further, although the
drawi ng i s neglected, an external |ight shielding mask for naking the

i nci dence of unnecessary light fromthe outside as small as possible, my

al so be prayi et Al fUriders el ertaside dhamddlspl Beoub bhtigar2s. The

aperture stop Is a termning F- er of the whol e i mage
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housing 53 are cojncident. These lenses L1, L2 .and L3, _alt gu Q ﬁggsg&amjng
is negl ddtedOtHIRB xSl Bhe a”F?a'iﬁ%epW%rH?h%p'éé‘ﬁ?grs%$t%'3cﬂ tg a
predeterm ned range is set to a range of the effective

and held.

The image pick-up optical system 10 has: the IR cut
filter 23 preventing the incidence of the infrared ray from
the object side; the image pick-up lens in which the first
lens L1 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 gide, are arranged in the order from
the object side; and the aperture stop S arranged between the
first lens L1l and the second lens L2.

This image pick-up optical system 10 structures the
aperture stop S 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 Ll, L2

and L3.



di aneter having the function as the inmage pick-up lens, and an outside
portion fromthat may al so be set to a flange portion which does not
function as the inmage pick-up lens. In this case, each of lenses LI, L2 and
L3 can be held in the housing 53, when the outer peripheral portion of its
flange portion is put on a predeterningg posi tion of the housing 53.
Recently, the size reduction of the who i mge pick-up device is nade an
object, and even when it is the image pick- up elenment of the sanme pixel
nunber, the inmage pick-up 46 elenent in which the pixel pitch is small

and as the result, the inmage plane size of the |light receiving section

(photoel ectric conversion section) is small, is developed. 1In such an
i mage pick-up | ens far chber3gkied- shatlig,i #RY BYanPleNerh WlaRRt mge plane
size is small, for securing the sane imge angle, because it is necessary

that the focal.chengtiieql, the 0l Sl @B Shphaned, plbepeadi us of

curvature or i amet'er “of "eéac econmes considerably “$mal |

Accor di ngl the processing is difficult in the glass _-lens.produced by the
bol | shi ng EBESSH H8e AFESRaendiS) nealeqte et SRS THA ST of | enses Li|
L2 and L3 is fornmed by the injection nmolding by maki ng plastic as the raw
mat eri al . STEGLCHEE, mask Hon made ng dheaug e i9f HBecEssaferd It i s

desired that the position variation of image point of the .
from the outside as small as possible, may also be provided

on 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.

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

These lenges L1, L2 and L3, although the drawing is
neglected, for example, a range from the center of each to a
predetermined range is set to a range of the effective
diameter having the function as the image pick-up lens, and
an outside porticn from that may also be set to a flange
portion 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 porticn of its flange
portion is put on a predetermined position of the housing 53.

Recently, the size reduction of 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




whol e i mage pick-up lens systemat the time of tenperature change is
suppressed small, it is desirable that the first Ilens is forned of a gl ass
nold lens. Further, the detail ed specification of each of lenses L1, L2
and L3 will be described by using a plurality of specific exanples in
exanpl es which will be described bel ow. Further, although the drawing is
onitted, a light shielding mask may al%% be arranged between the IR cut
filter 23 and the first lens L1, and between the second lens L2 and 47

the third lens L3, and in this case, by the nutual action of these |ight
shi el ding masks and the aperture stop S, it is prevented that the |ight
incident fromthe IR cut filter is incident on the outside of the

effeCt'VeF ﬂQEEGEn %?ﬁfthgagﬁxghcgiﬁgh'ﬁgss%géﬁheakhr% &S by and

t hat the i nci rom the apérture stop i's incident on the
out si de ﬁ% t he effe tive dlaneger of thg ge % I,ck- ug |l ens of the second
l ens L2 ahd~t he2Ehi Fa?P&ng§*ES, © nahFh&18 ﬁeF& Fon 5P 5 &ﬁggt or flare can
be suppre?sed A_node of use of ,the i mge g it 50 will
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descri bed ‘BBPBRELIRFHT1S §HBK§r§1§Pt8§FFéﬁn hel§n€&¥elﬁP8Q up unit

50 is equipped to the cell phone 100 as a nobile termi nal or image pick-up
devi ce. FiRt8eEh EngimagespacBobPr dENB| §6K Shagramier sthéecamaggiene 100.

element whose image plane size is small, for securing the
same image angle, because i1t 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
ig desirable that each of lenses L1, 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 lensg system at the time of temperature
change is 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, L2 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 magsk may also be arranged between the IR cut filter

23 and the firgt lens L1, and between the second lens LZ and



In the image pick-up unit 50, for exanple, the object side end surface of
the housing 53 in the inage pick-up optical systemis provided on the rear
surface (liquid crystal display section side is a front surface) of the
cell phone 100, and arranged at a position corresponding to a bel ow
portion of the liquid crystal display section. Then, an external connection
termnal 54 of the inage pick-up unit %D is connected to the control
section 101 of the cell phone 100, and an image signal such as a |um nance
48 signal or color difference signal is outputted to the control section
101 side. On the one hand, the cell phone 100, as shown in Fig. 4,
controls each section generalization-likely, and is provided with: a

control segtipp; £GPUL1043Whi6h ¢ANAHGES cBselM B9 RALCALEESROREILAGL @£each
processing; input section 60 or instructing anhd 1nputting a nunber by a

key; dis S ion_J . di spl i d- I e er, than,
prgdet;rﬁ#ﬁ%aedggébg Pg é@%nggﬁﬁﬁ%¥c§F|L%E egﬁggkﬁgg F§%B %éap?zf%g each
ki nd of infornmatiqQn_conmuni cati pn between i and. external seryer; .storage
section (PERYCGSCahF ALt BPes ARy BPaRERFoGFaM ot i BUFI THHSRE 180 each
ki nd of processing program and necessary data such as termnal |ID; and

t enpor ar yingi 8eagecBebhfoAutRANp 9F GhecRIfecti®g diapekergCar &Ref or

image pick-up lens of the first lens L1, and that the light
incident from the aperture stop S is incident on the outside
of the.effective diameter of the image pick-up lens of the
gecond 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 equipped to the cell phone 100 as a mobile
terminal or image pick-up device. Further, Fig. 4 is a
control block diagram of the cell phone 100,

In the image pick-up unit 50, for example, the object
side end surface of the housing 53 in the image pick-up
optical system isg provided on the rear surface (liquid

- crystal display sgection 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 section.

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

the cell phone 100, and an image signal such as a luminance




tenporarily storing each kind of processing program conducted by the
control section 101 or data, or processing data, or the inmage pick-up data
by the image pick-up unit 50. Then, an image signal inputted fromthe

i mage pick-up unit 50 is stored in the storage section 92 or displayed on
the display section 70, by the control systemof the cell phone 100, and
furthernore, transnitted to the outsi dé¢®s an I mge information through
the wirel ess communi cati on section 80. [Exanple 1] 49 Next, the
specification of the imge pick-up lens will be described according to
exanples 1 - 5, however, each of specifications is not limted to this.
Herein, the sign used for each exanple is as follows. f: Focal |ength of

the whol e, 1§Rgf 8£05098F g@fféﬁégggggﬁga aBagk BBEEEtEedFtBUEH%rC%Xtrbﬁage

pi ck-up sur e diragonal [engt State ging elenent R Radius
of curvature of a é§fra8t|ve surface D On-axial surface interval of
refracti ve® %E??%c% Refractive index in d-line of lens materi al vd:

Abbe' s nunber of |lens material Further,_in each, exa t he sha of
aspheric surface® the one hand, the cell phone 180 ngs éhown in Be

4, controls each section generalization-likely, and is
provided with: a control section (CPU) 101 which conducts a
program corresponding to each processing; input section &0
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 phone 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 control 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 section 92 or displayed on the display
section 70, by the control system of the cell phone 100, and
furthermore, transmitted to the outgide as an image
information through the wireless communication section 80.

[Example 1]



I's showmn by the follow ng expression expressed by the follow ng (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 Ail. hllR X= +EA h' (27) 1+

1- (1+K) h2/ R2 (The 1st exanple) 50 The 4%mge pick-up lens data is shown in
Tables 1 and 2, and nunerical val ue corresponding to each conditional
expression is shown in Table 3. Table 1 (Exanple 1) f = 3.81 nm fB = 1.65
mm F = 2.88, 2Y = 4.61 mm Surface No. Rlnm) D (mm Nd vd 1 1.818 1.00
1.53180 56.0 2 3.713 0.25 Stop 0 0.62 3 -1.687 1.22 1.53180 56.0 4 -0.900

0.10 5 6.800 Oiggxé;ﬁé%gosﬁ@Eincation of the image pick-up lens will

be described according tc examples 1 - 5, however, each of
specifications is not limited to this. Herein, the sign used
for each example is as follows.
£: Focal length of the whole image pick-up lens system
fB: Back focus
F: F-number
2Y: 1Image pick-up surface diagonal length of solid-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
following (27), where an apex of the surface is the origin,
and X axis is set in the optical axis diredtion, height in
perpendicular direction to the optical axis is h, apex radius
of curvature is R, conical constant is K, and i- order

agspheric surface coefficient is Ai.

2
_ wIR + Y An (27)
1+ J1-(1+ K)#?/ R?

(The 1lst example)




6 1.534 51 Table 2 Aspheric surface coefficient The 1st surface K =
9.15720 x 10-1 A4 = -3.85700 x 10-3 A6 = 1.19250 x 10-3 A8 = 1.54340 X
10-3 Al10 = -1.05850 x 10-3 The 2nd surface K = 1.90040 x 10 A4 = 1.42930
x 10-3 A6 = 6.64670 x 10-2 AS = -1.05450 x 10-1 Al10 = -2.10100 x 10-2
The 3rd surface K = -1.94220 x 10-1 A4 = -2.56700 x 10-2 A6 = -2.35200 x
10-1 AS = 3.40250 x 10-1 A10 = -7.148f x 10-2 The 4th surface K =
-2.82330 A4 = -2.17930 x 10-1 A6 = 1.31190 x 10-1 AS = -8.59110 x 10-2
Al0 = 2.63410 x 10-2

The image pick-up lens data is shown in Tables 1 and 2,
and numerical value corresponding to each conditional
expregsion is shown in Table 3.

Table 1

{Example 1)

f=23.81 mm, fB = 1.65 mm, F = 2.88, 2Y = 4.61 mm

Surface No. R (mm) D {mm) Nd vd
1 1.818 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 6.800 0.78 1.58300 . 30.0

6 1.534



Al2 = 6.50500 x 10-4 The 5th surface K = -9.76570 x 10 A4 = -6.25440 x
10-2 A6 = 3.00290 x 10-2 AS = -4.57290 x 10-3 Al10 = -2.41900 x 10-4 A12
= 5.36600 x 10-5 The 6th surface K = -1.09320 x 10 A4 = -6.92620 x 10-2
A6 = 1.64970 x 10-2 AS = -1.80070 x 10-3 Al10 = -1.61900 x 10-5 A12 =
1.13470 x 10-6 52 Table 3 Exanple 1 (51), (8) f 1/f 1.49 (3), (9) f3/f
-0.94 (2) ( (v1 +v2)/2 -v3 26.0 (4), 1(10) 1 R4 /f 0.24 (5), (11) X - XO
h=hmax(2.1m) -0.6319 h=0.7 x hnmax -0.1969

Table 2
Agpheric surface coefficient

The 1lst surface K = 9.15720 x 1071

A4 = -3,85700 x 1073
A6 = 1.19250 x 107°
A8 = 1.54340 X 10°°
Al0 = -1.05850 x 1073
The 2nd surface K = 1.90040 x 10
A4 = 1.42930 x 1072
A6 = 6.64670 x 1072
A8 = -1.05450 x 107*
A10 = -2.10100 x 1072
The 3rd surface K = -1.94220 x 107*
A4 = -2,56700 x 1072
A6 = -2.35200 x 107°
A8 = 3.40250 x 1077
Al10 = -7.14810 x 1072
The 4th surface K = -2.82330
A4 = -2.17930 x 107t
A6 = 1.31190 x 107°
A8 = -8.59110 x 107°
Al0 = 2.63410 x 1072
Al2 = 6.50500 x 107*
The 5th surface K = =9,76570 x 10
Ad = -6.25440 x 1072
A6 = 3.00290 x 107?
A8 = -4.57290 x 107°
Al0 = -2.41900 x 10°*
Al2 = 5.36600 x 107°
The éth surface K = -1.09320 x 10
A4 = -6.92620 x 1072
A6 = 1.64970 x 1072
A8 = -1.80070 x 107°
Al0 = -1.61900 x 10°°

Al2 = 1.13470 x 107




(7) L/2Y 1.22 Fig. 5 is an explanatory view show ng an i mage pick-up |ens
arrangenent of the first exanple. 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.
6(a), 6(b) and 6(c) are aberration views (spherical aberration,
astigmatism distortion aberration, nerjdional coma) of exanple 1.
(Exanple 2) The imge pick-up | ens dat@4s shown in Tables 4 and 5, and
nunerical val ues corresponding to each conditional expression are shown in
Table 6. 53 Table 4 (Exanple 2) f =3.56 nm fB=1.48 mm F = 2.88, 2Y =
4.61 nm Surface No. Rirmm) D (mm) Nd vd 1 1.711 0.90 1.53180 56.0 2 9.269
0.25 Stop CO0.46 3 -1.167 0.98 1.53180 56.0 4 -0.748 0.10 5 26.830 0.65

1.58300 30.0 6 1.453 54 Table 3
Example 1
(1), (8) f1i/f 1.49
(3), (9) f3/f -0.94
(2) {{vi + v2)/2}-v3 | 26.0
(4), (10) |R4| /£ 0.24
(5y, (11) X - XO h=hmax (2.1mm)
~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, L1l is
the first lens, L2 is the second lens, L3 is the third lens,
and 8 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 tco each conditional

expression are shown in Table 6.




Tabl e 5 Aspheric surface coefficient The 1st surface K = 3.94660 x 10-1
A4 = -1.20790 x 10-2 A6 = -1.20570 x 10-2 A8 = 1.00970 x 10-2 Al0 =
-1.31300 x 10-2 Al12 = -1.31310 x 10-3 The 2nd surface K = -5.01610 x 10
A4 = -2.11260 x 10-2 A6 = -2.27930 x 10-3 A8 = -8.49250 x 10-2 Al0 =
8.15610 x 10-2 Al12 = -2.06740 x 10-2 The 3rd surface K = -1.16690 x 10-1
A4 = -8.99550 x 10-2 A6 = -4.25790 x F#1 A8 = 4.54500 x 10-1 Al0 =
-3.46760 x 10-2 Al2 = -1.95040 x 10-12 The 4th surface K = -2.98890 A4 =
-3.2280 x 10-1 A6 = 2.52660 x 10-1 A8 = -1.94250 x 10.1

Table 4
(Example 2)

f = 3.56mm, fB = 1.48 mm, F = 2.88, 2Y = 4.61 mm

Surface No. R (mm) D (mm) Nd vd
1 1.711 0.90 1.53180 56.0
2 9.269 0.25
Stop w 0.46
3 -1.167 0.98 1.53180 56.0
4 -0.748 0.10
5 26,830 0.65 1.58300 30.0

6 1.45%3



Al0 =
102 A4 =

= -8.89690 x 10.2

7.76110 x 10-2 Al2 =
-8.85700 x 10-2 A6
-6.02900 x 10-4 Al2 =

A6 =

-3.90280 x 10-3 AlO0

6.35480 x 10-3 The 5th surface K = 1. 00000 x

= 5.41380 x 10-2 A8 = -1.13310 x 10-2 A10 =

2.83960 x 10-4 The 6th surface K = -1.61000 x 10 A4
2.43220 x 10-2 A8 =

= 3.05770

x 10-4 Al12 = -4.06290 x 10-5 11 - | --_ 11 1 11 55 Table 6 Exanple 2 (1),
(8) fl/f 1.06 (3), (9) f3/f -0.75 (2) ¥l + v2)/2)-v3 26.0 (4), (10) R4
/f 0.21 (5), (11) X - X0 h=hnmax (2.0m) -0.7193
Table &
Aspheric surface coefficient
The 1lst surface K = 3.94660 x 1077
A4 = -1.20790 x 1072
A6 = -1.20570 x 107?
A8 = 1.00970 x 1072
Al0 = -1.31300 x 107°
Al2 = -1.31310 x 1073
The 2nd surface : K = -5.01610 x 10
A4 = -2.11260 x 10°°
A6 -2,27930 x 107
A8 = -8.49250 x 1072
AlD = 8.15610 x 1072
Al2 = -2.06740 x 1072
The 3rd surface K = -1.16690 x 107!
A4 = -8.99550 x 1072
A6 = -4.25790 x 107°
A8 = 4.54500 x 10°°
Al0 = -3.46760 x 107°
Al2 = -1.95040 x 10°%?
The 4th surface K = -2.,88890
A4 = -3.2280 x 1071
A6 2.52660 x 107t
A8 = -1.94250 x 107!
Al0 = 7.76110 x 107?
Al2 = 6.35480 x 1077
The 5th surface K = 1.00000 x 102
A4 = -8.85700 x 1072
A6 = 5.41380 x 10°°
A8 = -1,13310 x 1072
Al0 = -6.02900 x 10°*
Al2 = 2.83960 x 107°
The &th surface K = -1.61000 x 10
A4 = -8.89690 x 107?
A6 = 2.43220 x 1072
A8 = -3,90280 x 107°
Al0 = 3.05770 x 107*
Al2 = -4.06290 x 10°°



h=0.7 x hmax -0.2097 (7) L/2Y 1.05 Fig. 7 is an explanatory vi ew show ng
an i mage pick-up lens arrangenent of Exanple 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, meridional coma) of
Exanple 2. (Exanple 3) The inmage pick-%% | ens data is shown in Tables 7,

8, and nunerical values corresponding to each conditional expression are
shown in Table 9. 56 Table 7 (Exanmple 3) f = 4.41 mm fB =1.27 mm F =
2.88, 2Y = 5.41 nm Surface No. Rlnm) D (nm) Nd vd 1 2.109 1.15 1.53180
56.0 2 4.408 0.27 Stop cc 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 Table €
Example 2

(1), (8) fi/f 1.06

(3), (9) £3/f -0.75

(2) {(vli + v2)/2}-v3 | 26.0

(4), (10) |R4| /£ 0.21

(5), (11) X - X0 h=hmax (2.0mm)
-0.7193

h=0.7 x hmax

-0.2097

(7) L/2Y 1.05

Fig. 7 is an explanatory view showing an image pick-up
lens arrangement cof Example 2. In the view, L1l 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, meridional coma) of Example 2.
(Example 3)

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

eXxpression are shown in Table 9.



6 1.644 0.38 7 00 0.50 1.58300 30.0 8 00 57 Table 8 Aspheric surface
coefficient The 1st surface K = 9.97640 x 10-1 A4 = -2.39800 x 10-3 A6 =
-1.11260 x 10-3 A8 = 7.91930 x 10-' Al10 = 4.51280 x 10-' Al2 = -5.11950
x 10-' The 2nd surface K = 2.23320 x 10 A4 -7.29240 x 10-3 A6 = 5.64450
Xx 10-2 A8 = -8.53860 x 10-2 Al10 = 1.32870 x 10-3 The 3rd surface K =
-3.74000 x 10-2 A4 = -1.14890 x 10-2 % = -1.28530 x 10-1 A8 = 1.50210 x
10-' A10 = -2.76770 x 10-2 The 4th surface K = -2.62840 A4 = -1.37460 x
10-1

Table 7
(Example 3)

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

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

1 2,109 1.15 1.53180 56.0
2 4.408 0.27

Stop o 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
6 1.644 0.38

7 w0 0.50 1.58300 30.0



6

Hwi >

= 5.85800 x 10-2 A8
. 80910 x 10-'

1. 25510 x 10-2 A8

-2.98050 x 10-2 A10
The 5th surface K = -1.00000 x 102 A4
2.08950 x 10-2 AS = -2.48990 x 10-3 A1l0
.05100 x 10-5 The 6th surface K = -1.05810 x 10 A4

7. 7157

0 x 10-3 Al12
-5.32430 x 10-2 A6

-1.31700 x 10-3 _AlO

-1.99490 x 10-7 58 Table 9 Exanple 3

-0.91

(2) {(vl

h=hmax (2. 4nmm)

The

The

The

The

The

The

1lst

2nd

3rd

4th

5th

6th

+v2)/2 -v3 26.0

= -1.83750 x 10-4 Al2 =
= -5,75510 x 10-2 A6
= 1.86700 x 10-' Al2 =
1), (8) fI/f 1.47 (3), (9) f3/f
(4), (10) 1R4 /f 0.23 (5), (11) X - XO
Table 8

Aspheric surface coefficient

surface

surface

surface

surface

surface

surface

K
Ad
A6

It

TR

LI I

9,97640 x 1071
-2.39800 x 10°?

= -1.11260 x 10°°

7.91930 x 107
4,51280 x 107¢
-5,11950 x 107*

2.23320 x 10

-7.29240 x 10°°
5.64450 x 1072
-8.53860 x 1072
.32870 x 107

.74000 x 1072
.14890 x 1072
.28530 x 107?
.50210 x 107!
.76770 x 1072

. 62840
.37460
.85800
.98050
.71570
.80910

x 107t
x 1072
x 1072
x 1073
x 107™*

x 102
x 107°

.00000
.32430
.08950 x 1072
.48990 x 1073
.83750 x 107*
.05100 x 107°

1.05810 x 10

5.75510 x 1072
1.25510 x 107°
1.31700 x 107°
1.86700 x 10°°
1.99490 x 1077




-0.8349 h=0.7 x hmax -0.2564 (7) L/2Y 1.18 Fig. 9 is an explanatory vi ew
showi ng an image pick-up |ens 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 irffge pick-up lens data is shown in
Tabl es 10, 11, and nunerical val ues corresponding to each conditi onal
expression are shown in Table 12. 59 Table 10 (Exanple 4) f =5.42 nm fB
=1.00 mm F = 2.88, 2Y = 6.60 mm Surface No. Rlnm) D (nm) Nd vd 1 2.432
1.25 1.58913 61.2 2 4.926 0.52 Stop 00 0.75 3 -2.249 2.00 1.53180 56.0 4

-1.234 0.10 Table 9
Example 3
(1), (8) fi/f 1.47
(3), (9) £f3/f -0.91
(2) {(vl + v2)/2}-v3 26.0
(4), (10) |R4|/E 0.23
(5), (11) X - X0 h=hmax (2.4mm)
~0.8349
h=0.7 x hmax
-0.2564
(7) L/2Y 1.18

Fig. 9 is an explanatory view showing an image pick-up
lens arrangement of Example 3. In the view, Ll 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, meridional coma) of Example 3.
(Example 4)

The image pick-up lens data is shown in Tables 10, 11,
and numerical values corresponding to each conditional

expression are shown in Table 12.



5 7.304 0.85 1.60700 27.0 6 1.966 0.74 7 00 0.30 1.51633 64.1 8 00 0.20 9
w 0.30 1.51633 64.1 10 00 60 Table 11 Aspheric surface coefficient The
1st surface K = 6.73890 x 10-1 A4 = -4.82010 x 10-* A6 = -1.19920 x 10-'
A8 = 6.55890 x 10-5 Al10 = -3.26150 x 10-5 Al12 = 5.26560 x 10-6 The 2nd
surface K = 8.49190 A4 = 7.03830 x 10-3._ A6 = -4.86490 x 10-3 AS = 4.67580
x 10-3 no = -1.05940 x 10-3 The 3rd SWWface K = 2.23973 A4 = -3.23190 x
10-3 A6 = -2.54490 x 10-2 AS = 1.18000 x 10-2

Table 10
(Example 4)

f =5.42 mm, fB = 1.00 mm, F = 2.88, 2Y = 6.60 mm

Surface No. R (mm) D (mm) Nd vd
1 2,432 1.25 1.589213 61.2
2 4.926 0.52
Stop o0 0.75
3 ~-2.249 2.00 1.53180 56.90
4 -1.234 0.10
5 7.304 0.85 1.60700 27.0
& 1.966 0.74
7 o0 0.30 1.51633 64.1
8 oo 0.20
9 o0 0.30 1.51633 64.1

10 o0




AL0 = 8.64290 x 10-3 The 4th surface K = -3.13150 A4 = -7.73400 x 10-2 A6
= 2.18640 x 10-2 A8 = -7.04910 x 10-3 Al0 = 1.07200 x 10-3 Al2 =
-4.71280 x 10-5 The 5th surface K = 2.60826 A4 = -3.41440 x 10-2 A6 =
5.86600 x 10-3 AS = -4.57760 x 10-' ALQ = 1.24890 x 10-5 Al2 = -1.04620
x 10-6 The 6th surface K = -9.48188 A4 = -2.38160 x 10-2 A6 = 2.99130 x
10-3 AS = -2.44940 x 10-' AL0 = 1.2850® x 10-5 Al2 = -6.97570 x 10-' 61
Table 12 Exanple 4 (1), (8) fI/f 1.47 (3), (9) f3/f -0.91

Table 11

Aspheric surface coefficient

The 1st surface K = 6.73890 x 107!
A4 = -4.,82010 x 10°°
A6 = -1.19920 x 10°*
A8 = 6.55890 x 10°°
Al0 = -3.26150 x 10°°
Al2 = 5.26560 x 10°°

The 2nd surface K = 8.491%0
A4 = 7.03830 x 10°°
A6 = -4.86490 x 10°°
A8 = 4,67580 x 1073
Al0 = -1.05940 x 1073

The 3rd surface K = 2.23973
A4 = -3.23190 x 10°°
A6 = -2.,54490 x 1072
A8 = 1.18000 x 1072

Al0 = 8.64290 x 10°°

The 4th surface K = -3.13150
A4 = -7.73400 x 1072
A6 = 2.18640 x 1072
A8 = -7.04910 x 1073
Al0 = 1.07200 x 107°
Al2 = -4.71280 x 10°°
The 5th surface K = 2.60826
A4 = -3.41440 x 1072
A6 = ©5.86600 x 107°
AB = -4,57760 x 10°*
Al10 = 1.24890 x 107°
Al2 = -1.04620 x 10°°
The 6th surface K = -9.48188
A4 = -2.38160 x 1072
A6 = 2,99130 x 10°°
A8 = -2.44940 x 107*
A10 = 1.28500 x 107°

Al2 = -6.97570 x 107”7



(2) (vi +v2) /2 -v3 31.6 (4), (10) R4 /f 0.23 (5), (11) X - XO h=hmax
(2.9mm -0.8367 h=0.7 x hmax -0.2539 (7) L/2Y 1.18 Fig. 11 is an

expl anatory vi ew showi ng an inmage pick-up |ens arrangenment of Exanple 4.
In the view, L1 is the first lens, L2 is the second lens, L3 is the third
l ens, and S shows an aperture stop. FH&;. 12(a), 12(b) and 12(c) are
aberration views (spherical aberration,”-astigmatism distortion
aberration, neridional cona) of Exanple 4. (Exanple 5) The image pick-up
|l ens data is shown in Tables 13, 14, and nunerical values corresponding to
each conditional expression are shown in Table 15. 62 Table 13 (Exanple
5) f =540 mm fB=1.09 mm F = 2.88, 2Y = 6.60 mm Surface No. R(mrm) D
(m) Nd vd 1 4.085 1.30 1.58913 61. 2514 & 40, 780 0. 40

Example 4
(1), (8) f1/f 1.47
(3), (9) £3/f -0.91
(2) {(vi + v2)/2}-v3 | 31.6
(4), (10) |R4|/f 0.23
(5), (11) X - 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, L1l is the first
leng, L2 is the second lens, L3 is the third lens, and S
shows an aperture stop. Figg. 12(a}, 12(b) and 12(c) are
aberration views (spherical aberration, astigmatism,
distortion aberration, meridicnal 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 shown in Table 15.



Stop 00 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 w0.30 1.51633 64.1 8 00 0.20 9 w 0.30 1.51633 64.1
10 00 63 Table 14 Aspheric surface coefficient The 1st surface K =
2.67530 x 10-1 A4 = -4.63610 x 10-3 A6 = -4.97610 x 10-4 A8 = 2.65860 x
10-5 A10 = -1.61090 x 10-4 Al2 = 2.00810 x 10.5 The 2nd surface K =
-4.87757 x 10 A4 = -8.77300 x 10-3 A% 3.24540 x 10-4 A8 = -1.29380 x
10-3 Al10 = 3.23650 x 10-4 The 3rd surface K = 6.77720 x 10-1

Table 13
(Example 5)

f =5.40 mm, 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 0 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
& 1.858 0.80
7 o0 0.30 1.51633 64.1
8 o] 0.20
> o0 0.30 1.51633 64.1

10 e}



Ad =

1.01490 x 10-2 The 4th surface K = -3.00181 A4 =
3.39170 x 10-2 A8 = -1.62570 x 10-2 A10
X 10-4 The 5th surface K = -1.00000 x 10-2 A4 =
-6.38250 x 10-3 A8 =

X 10-6 The 6th surface K = -1.00205 x &3
3.42060 x 10-3 A8 =

2.57470 x 10-4 A6 =

x 10-6 64 Table 15

The lst surface

The 2nd surface

The 3rd surface

The 4th surface

The 5th surface

The éth surface

-3.07290 x 10-3 A8 = -2.49100 x 10-3 A10 =

-8.57160 x 10-2 A6 =
= 4.23280 x 10-3 Al2 = -3.38950
-3.39660 x 10-3 A6 =

2.08200 x 10-3 Al10 = -2.80690 x 10-4 Al2 = 9.11490
A4 = -2.53420 x 10-2 A6 =
-5.17880 x 10-4 Al10 = 4.81430 x 10-6 Al2 = -2.68770

Table 14

Aspheric surface coefficient

K = 2.67530 x 10°*
A4 = -4.63610 x 1073
A6 = -4.97610 x 107*
A8 = 2.65860 x 10°°
Al0 = -1.61090 x 107¢
Al2 = 2.00810 x 10°°
K = -4.87757 x 10
A4 = -8.77300 x 107°
A6 = 3.24540 x 107*
A8 = -1.29380 x 1073
Al0 = 3.23650 x 107*
K = 6.77720 x 107!
A4 = 2.57470 x 10°°
A6 = -3.07290 x 1073
A8 = -2.49100 x 107°
Al10 = 1.01490 x 1072
K = -3,00181

A4 = -8.57160 x 1072
A6 = 3.39170 x 107°
A8 = -1.62570 x 1077
Al10 = 4.23280 x 10°°
Al2 = -3.38950 x 107*
K = -1.00000 x 1072
A4 = -3.39660 x 10°°
A6 = -6.38250 x 107°
A8 = 2.08200 x 10°°
AlQ0 = -2.80690 x 107*
Al2 = 9.11490 x 10°°
K = -1.00205 x 10
A4 -2.53420 x 107°
A6 = 3.42060 x 107°
A8 = -5,17880 x 107*
Al10 = 4.81430 x 10°°
Al2 = -2.68770 x 10°°



Exanple 5 (1), (8) fI/f 1.18 (3), (9) f3/f -0.84 (2) ((vi + v2)/2)-v3
28.6 (4) , (10) 1R4 /f 0.21 (5), (11) X - XO h=hmax(2.4nm - 0.8964 h=0.7
X hmax - 0.2294 (7) L/2Y 1.18 Fig. 13 is an explanatory view show ng an

i mge pick-up |ens arrangenent of Exanple 5. In the view, Li is the first
lens, L2 is the second lens, L3 is the third lens, and S shows an aperture
stop. Figs. 14(a), 14(b) and 14(c) are ®%aperration vi ews (spheri cal
aberration, astigmatism distortion aberration, neridional coma) of
Exanmple 5. In the exanples 1, 2 and 3, the first lens and the second |ens
are formed of polyorefine plastic material, and the saturation absorption
coefficient is not larger than 0.01% The third lens L3 is fornmed of a

pol ycarbonate plastic material, andJdig s@furation absorption coefficient
is 0.4% Herein, because, in the plastic lens, the saturation absorption

coefficient is |ager—than—the—grass—tens; W"'c”Example 5
(1), (8) fi1/f 1.18
(3), (9) f£3/f -0.84
(2) {(vli + v2)/2}-v3 | 28.6
{4), (10) |Rr4|/f 0.21
{5), (11) X - X0 h=hmax (2 .4mm)
- 0.8%64
h=0.7 x hmax
- 0.2294
(7) L/2Y 1.18

Fig. 13 is an explanatcory view showing an image pick-up
lens arrangement of Example 5. In the view, L1 is the first
lens, L2 is the second lens, L3 is the third lens, and S
showg an aperture stop. Figs. 14(a), 14(b) and 14(c) are
aberration views (spherical aberration, astigmatism,
distortion aberration, 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 cocefficient
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




abrupt hum dity change occurs, the unequal distribution of 65 the water
absorption anount is transiently generated, and the refractive index does
not become uniform and there is a tendency that a good i mage fornation
performance can not be obtained. Therefore, for suppressing the
performance deterioration due to the humdity change, it is preferable
that the plastic material whose saturat§n water absorption is not |arger
than 0. 7% is used. In the above Exanple 4, the first lens L1 is formed of
glass material. The second lens L2 is forned of polyorefine plastic
material, and the saturation water absorption is not |arger than 0.01%
and the third lens L3 is fornmed of polyester plastic material, and the
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plastic material, and the saturation_ water absorption is 0.4% Eu%ther,
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the tine of tenperature change, in the case where all _of first lens L1,
second | epgtained. Therefore, for suppressing the performance

deterioration due to the humidity change, it is preferable
that the plastic material whose saturation water absorption
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 L3 is formed of
polyester plastic material, and the saturation water
absorption 1is 0.7%.

Further, in the above Example 5, the first lens Ll is
formed of glass material. The second lens L2 is formed of
the polyorefine plastic material, and the saturation water
absorption is not larger than 0.01%, and the third lens L3 is
formed of pelycarbonate plastic material, and the saturation
water absorption ig 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 Ll, second lens

L2, and third lens L3 are structured by the plastic lenses,




L2, and t
peri pheral tenperature changes, there is a problem that an inage point

position
pi ck-up u
vari ation

hird lens L3 are structured by the plastic | enses, 66 when the

of the whole inage pick-up lens systemis varied. In the image

nit having the specification in which this inmage point position

can not be neglected, for exanple, the positive first |ens LI

is made a lens formed of the glass mat &% al (for exanple, glass nold

| ens), an
f ormed of
whi ch t he
IS cance

d the positive second lens L2 and the negative third |lens L3 are
the plastic | enses, and when the refractive power allotnent by
I mage point position variation at the tinme of tenperature change

| led out, is applied, this problemof the tenperature
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because the scattering of the light is
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 meold 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 trangition point (Tg) is not larger than

400 °C (400 centigrade) is used.

Further, recently, it becomes c¢lear that the inorganic
fine particles are mixed in the plastic material, and the
temperature change of the refractive index of the plastic
material can be suppressed small. When described in detail,
generally, when fine particles are mixed in the transparent
plastic material, because the scattering of the light is

generated and the transmission factor is lowered, it is



generated and the transm ssion factor is lowered, it is 67 difficult to
use as the optical material, however, when the size of the fine particle
is made snaller 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 tenperature rises, the refractive index
is lowered, in the inorganic particlesﬁKMuﬂl the tenperature rises, the
refractive index is increased. Accordingly, by using these tenperature
dependenci es, by meking them actuate so that they are cancell ed out each
other, it can be realized that the refractive index change is hardly
generated SpeC|f|caIIy when the inorganic particles whose maxi mum | ength
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base materi a astic materl ose tenperature dependency of the
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partlcle |s di spersed, is used for one_of 2 positive |enses éLl L2), or
al | of |ePBesS¢aiterpng L8)notheraarigeldy SENEKBtPAngePboirteBosttion at
the tinme of

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 be realized that the refractive index change is
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
niobium oxide (Nb;Os;) 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, is 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




68 tenperature change of the whole image pick-up |l ens systemcan be
suppressed small. Further, the above exanples 1, 2 are design exanple in
whi ch the optical low pass filter or infrared ray cut filter 1is not
arranged on the imge side of the inmage pick-up lens, however, the exanple
3 is a design exanple in which the infrared ray filter F in which the
infrared cut coating is conducted on t4e object side surface, is arranged
on imge side of the inage pick-up lens. 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 imaging elenment package are arranged on
the image side of the inage pick-up lens. O course, for each exanple, the

opti cal "I oy pags, [1! LRL,IBYoPeALT ROPD BhalECHs cRULENEEns! BybhENPESREN!

exanpl e, tric characterls Ic o |nage de |1 ght
flux, it .is not _always sui icient design. However, in the recent
englneerl?% TP T eEToNsTURt ati on of the color filter of the solid-state
i mgi ng el ement_or arrangenent of mcro lens arra S adlngbcan be
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optical axis is not |arger than about 25 in the peripheral portion of the
i mage piekich shefereical sbovhpags| fylsest eri infraged| spgncufnfilter

is not arranged on the image side of the image pick-up lens,
however, the example 3 is a design example 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 lens. Further, the example 4 and
the example 5 are design examples in which the infrared ray
cut filter F and a seal glass P of the solid-state imaging
element package are arranged on the image side of the image
pick-up lens. Of course, for each example, the optical low
pass filter may be arranged at need.

Further, in the present example, as for the telecentric
characteristic of the image side light flux, it is not
always sufficient design. However, in the recent
engineering, by re-consideration of the color filter of the
golid-state imaging element or arrangement of micro lens
array, the shading can be lightened, and when an angle formed

between the chief ray of light and the optical axis is not
larger than about 25° in the peripheral portion of the image

pick-up surface, also the solid-state imaging element in



69 which conspi cuous shading is not generated, is developed. Accordingly,
the present exanple is, as for a degree in which the requirenent of the
telecentric characteristic is soften, a design exanple in which a further
size reduction is ained. 70 What is clained is: 1. An image pickup |ens
conprising in order froman object side of the image pickup lens: a first

| ens having positive refractive power 8se convex surface faces the

obj ect side of the image pickup 1lens; an aperture stop; a neni scus-shaped
second |l ens having positive refractive power whose convex surface faces an
i mage side of the image pickup lens; and a third | ens having negative
refractive power whose concave surface faces the inage side of the inage

pi ckup Im,cww&frfaﬁlctd&é @ﬁﬁdlmgfkitgo s;le%?éfééé@s f@edéxpéi&awg

condi tional expressions: 0.8 < ftl/ ((V| + - v3 <
70 (2) Wh%. fd ﬁﬁf@f(%ﬁg df%ggﬁ£ exéﬂﬁié'rgt Aé”%ﬁr a'&%é&ee in whlch

the requirement of the telecentric characteristic is soften,

a design example in which a further size reduction is aimed.



focal length of a total systemof the inmage pickup lens, vl is the Abbe
constant of the first lens, v2 is the Abbe 71 constant of the second |ens,
v3 is the Abbe constant of the third Iens. 2. The inage pickup |ens of
claiml which satisfies the follow ng conditional expression: -1.5 < f3/f
< -0.5(3) where f3 is a focal length of the third Iens. 3. The inmge

pi ckup lens of claim1l which satisfies t'Re foll ow ng conditional
expression: 0.15 < JR4lI/f < 0.4 (4) where R4 is a curvature radius of an

i mage side surface on the second lens. 4. The image pickup | ens of claim
1, wherein the first |Iens has a neni scus shape whose convex surface faces
the object side of the optical lens. 5. The inmage pickup lens of claim1l,
wher ei n t g dehird densadips; & meni scus shape whose concave surface faces
the i mage side of the optical lens. 72 6. The inmage pickup | ens of claim
1, wherein an image side surface of the third lens satisfies the follow ng
condi tional expression:

1. An image pickup lens comprising in order from an object
side of the image pickup leng:

a first lens having positive refractive power whose
convex surface faces the object side of the image pickup
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 < f1/f < 2.0 (1)

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

where fl1 is a focal length of the first lens, £ is a
focal length of a total system of the image pickup leng, vl

is the Abbe constant of the first lens, v2 is the Abbe




X - XO< 0 (5 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 X axis placed at an apex of the imge side surface of the
third lens and satisfies the followngs: h X=/R6 +IAh (6) 1+

1- (1+K6) hz/ R62 XO is a displacement of rotational quadric surface

conponent of the aspherical surface whi i} satisfies the followngs: z hR6
X0=1+ 1-(1+K6)h2/R62 (7) h is height along an arbitral direction
perpendicular to the optical axis and satisfies hmax x 0.7 < h < hmax,
hmax is the |argest effective radius of the third lens, A is i-th order
of an aspheric coefficient of the inmge side surface of the third lens, R6
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K6 is a coniCc constant i mege
third lens.
2. The image pickup lens of claim 1 which satisfies the

following conditional expression:
-1.5 « £f3/f <« -0.5 (3)

where £3 is a focal length of the third lens.

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

0.15 < |R4|/f < 0.4 (4)

where R4 is 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.




third lens. 7. The image pickup lens of claim1, wherein the first |ens,
the second lens and the third lens are fornmed of plastic material. 8. The

i mage pickup unit conprising: a solid-state imging el enent having a
photoel ectric converting section; an imge pickup lens of claim1l for

focusi ng an obj ect
sol i d-

el enent and having an external output termnal for transmtting and
receiving electric signals; and a housing conprising a light shielding

menber
obj ect si de,

I mage pi ckup unig, cal;

or

of

| ower .

and having an opening for an incident light entering fromthe

which are fornmed in one united body, wherein height of the

74 9. A nobile termn

conpri sing i mage pi ckup unit of

claim 8. %erf%%e;(”cﬁ'_g%k{’eis:cc‘i—l”iﬂ:d Sh S Y ¢ O AST1 I 308 Ao 08 Edna B! d8

the i mage pic

up lI'en

expregsion:
X -X0<0 (5)
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 X axis placed at an apex of the
image sgide surface of the third lens and satisfies the

followings:

hZ
X= s +> 4K (6)

1+ 1-(1+ K6)h*/ RE?
X0 is a displacement of rotatiocnal guadric surface
component of the aspherical surface which satisfies the
followings:

h2
_ ke
X0= (7)
1+ 1-(1+ K6)h?/ RE?

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

hmax is the largest effective radius of the third lens,

Ai 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

| mage onto the photoel ectric converting section of the
state imagi ng elenent; a subst r at'é hol ding the solid-state i mging
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a first lens having positive refractive power whose convex surface faces
the object side of the imge pickup |ens; an aperture stop; a neniscus
shaped second | ens having positive refractive power whose convex surface
faces an inmage side of the inmage pickup lens; and a third | ens having
negative refractive power whose concave_surface faces the imge side of
the i mage pickup |ens, wherein the inaaé pi ckup |l ens satisfies the
following conditional expressions: 0.8 < fl/f <2.0 (8 -1.5 < f3/f <
-0.5 (9) where fl is a focal length of the first lens, f is a focal |ength
of a total systemof the image pickup lens, and f3 is a focal |ength of
the third lens. 75 11. The inage pickup |l ens of claim10 which satisfies

the followi ng gendigt i;onal, ;X NLSI0R: O%. 1< il fsi?leo-nsﬁnff@e wherng, L4 is

a curvature radius of an image side surface on the seco ens. 12. The
I mage pic%%arﬁgq%ﬂgz claim 10,

7. The image pickup lens of claim 1, wherein the first
lens, the second lens and the third lens are formed of

plastic material.

8. The image pickup unit comprising:

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

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

a substrate holding the solid-state imaging element and
having an external ocutput 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
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.



wherein the first |l ens has a neniscus shape whose convex surface faces the
obj ect side of the optical lens. 13. The inmage pickup | ens of claim10,
wherein the third |l ens has a nmeni scus shape whose concave surface faces
the i mage side of the optical lens. 14. The image pickup |l ens of claim 10,
wherein an image side surface of the third lens satisfies the follow ng
condi tional expression: X - XO < 0 (11)7fhere X is an aspherical surface

di spl acenent which is given on X axis along an optical axis of the inage
pickup lens with an origin of the X axis placed at an apex of the inmage
side surface of the third lens and satisfies the 76 followings: z X= h R6
+YA; h™ (12) 1+ I-(1+K6)h2/R62 XO is a displacenent of rotational quadric

surface @qngonﬁnhggiéégge%@??%%g%%§$%g%ﬁ?%§fwgiq%éggiﬁﬂéﬁﬁﬁtJHit of

fol | ow ngs:

claim 8,

10. An image pickup lens comprising in order from an object
side cf the image pickup lens:

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

an aperture stop;

"a meniscus shaped second lens having positive
refractive power whose convex surface faces an image side of
the image pickup iens; 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 fcllowing
conditional expressions:

0.8 < f1/f < 2.0 (8)

-1.5 < £3/f < -0.5 (9)

where f1 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 focal length of the third lens.



h is height along an arbitral direction perpendicular to the optical axis
and satisfies hmax x 0.7 < h < hmax, hmax is the |argest effective radius
of the third lens, A is i-th order of an aspheric coefficient of the

i mage side surface of the third lens, R6 is a curvature radius of the inage
side surface of the third lens, and K6_is a conic constant of the inmage
side surface of the third lens. 15. Th%5inage pi ckup | ens of claim 10,
wherein the first |ens, the second lens and the third lens are fornmed of
plastic material. 77 16. The inage pickup unit conprising: a solid-state

i magi ng el enent having a photoelectric converting section; an inmage pickup
| ens of claim 10 for focusing an object inage onto the photoelectric

convertingisectipg QEabBeP§9kh?‘léh§t6fiE@QE&91%|%ﬁEQE?s%t%%?%%%akﬁﬁh0|ding
the solid-state imaging element and having an external output termnal for

transmtti r Vi l,e [ i.gnal s; and a housing conprising a
| i ght shigﬁg%%gqﬁgnggﬁdé%g% %%v%n r%ﬁé%gghing for an incident |ight

entering fron1t8g15 < |Ra|/f < 0.4 (10}

where R4 is a curvature radius of an image side surface

on the second lens,

12. The image pickup lens of claim 10,
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
conditicnal expression:
X -X0< 0 (11)
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 X axis placed at an apex of the

image side surface of the third lens and satisfies the



obj ect side, which are fornmed in one united body, wherein height of the

I mge pickup unit along an optical axis of the inmage pickup lens is 10 mm
or lower. 17. A nobile termnal conprising the inmage pickup unit of claim
16.

76

followings:

hZ
X = /Rﬁ +> AN (12)

1+ 1-(1+ K6)h*/ R6?
X0 is a displacement of rotational quadric surface
component of the aspherical surface which satisfies the
followings:

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

h is height along an arbitral direction perpendicular
to 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 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

Ké is a conié 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.



77

16. The image pickup unit comprising:

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

an image pickup lens of claim 10 for focusing an object
image onto 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
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.




