VARI ABLE FOCUS LENS AND OPTI CAL DEVI CE USI NG THE SAME
AS WELL AS METHOD OF MANUFACTURI NG VARI ABLE FOCUS

- ENS CROSS REFERENCES TO RELATED APPLI CATI ONS The
present invention contains subject matter related to
Japanese Patent Application JP 2005-106524 filed in
the Japanese Patent O fice on April 1, 2005, the
entire contents of which being incorporated herein by
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The present invention relates to a variable focus lens and
an optical device wusing this lens, and to a method of
manufacturing a variable focus lens, by using an electrowetting
phenomenon.

Description of the Related Art:

Development of a variable focus lens device that uses the
electrowetting phenomenon is disclosed in a Patent Document of
Japanese Translation of PCT International Application No. 2001-
519539 (hereinafter refer to Document 1, corresponding to United
States Published Patent Application No. US2005/0002113Al1), and
in another document: S. Kuiperet al., “Variable-focus 1liquid
lens for miniature cameras’”, Applied Physics Letters, Vol. 85,
No. 7, 16 August 2004, pp. 1128-1130 (hereinafter refer to

Document 2).



descri bed docunents is explained wwth reference to a
schematic sectional constitutional. viewof FIG 1

This vari able focus Lens has a basic structure in

which a container 10 of a cylindrical shape or the

like is filled wth a |ight-transm ssible conductive
liquid material portion 1. and a |light-transm ssible
insulative liquid material portion 2 that does not
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i ndex and the sane density (specific gravity). A first
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internal wall of the container, covering one end

sepOLbhON ddiaytaefuriand avdwelgctarice 1fi1m 32 is forned
i nside thereof. The end portion of the container 10

on the siweiepuer edchy 186s fFhists ebectd ade2Luke in which a
fixed liquidtightly (a hernetically--sealed state not
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film 32 is formed inside thereof. The end portion of the
container 10 on the side covered by the first electrode 21 is
fixed 1liquidtightly (a hermetically-sealed state not to leak
liquid) with a light-transmissible material portion 11 made of
glass, light-transmissible resin or the like, and a so-called
bottom surface formed by this 1light-transmissible material
portion 11 and the dielectric film 32 on the internal wall of
the container 10 are covered and coated with a water-repellent
material portion 23 called a water-repellent coat.

Then, on one end portion of the container 10 in contact
with the conductive liquid material portion 1, namely on a 1lid-
side portion, for example, is provided a ring-shaped second

electrode 24, and a light-transmissible material portion 12 made

of glass, 1light-transmissible resin or the 1like 1is fixed



liquidtightly (a hernetically-sealed state not to |eak
liquid; through a hydrophilic material portion 25
call ed hydrophilic coat. 'The edge portion of the

ri ng--shaped second el ectrode 24 described above is

extended and fornmed to cover the outer
circunferential surface of this light-transm ssible
material portion 12. Further, regarding the first
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I and 2 filled and the internal surface of the
With the above structure, on applying suitable voltage to

the first electrode 21 and second electrode 24 by voltage
applying means 40a, curvature of an interface between the
conductive liquid material portion 1 and the insulative liquid

material portion 2 is changed. By means of this, lens action for

light entered as shown with an arrow Li from the outside of the
light-transmissible material portion 11 is changed, and a focal
distance can be changed.

Explanation will be given about this, at first, when
voltage is not applied to the first and second electrodes 21 and
22, an interface between the conductive liquid material portion
1 and insulative liquid material portion 2 becomes a part of a
spherical surface of a certain radius, as shown in FIG. 1, by
the balance of the surface tensions of the liquid material

portions 1 and 2 filled and the internal surface of the



contai ner 10. For exanple, when salt water is used as
the conductive liquid material portion 1 and silicon
oil is used as the insulative liquid material portion
2, the interface becomes such that the water
(conductive liquid material portion 1) has a convex
shape, as shown in FIG 1. Then, when voltage is

appl i ed between the first and second electrodes 21
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32 is 90 when voltage is not applied, on the other .
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the contact- angle 0(V)
of the interface becomes large as shown in FIG. 2, for example.
Then, when light enters as shown with an arrow Li from a
lid on one side of the container 10, namely from the light-
transmissible material portion 11 and the light is emitted from
the other 1id, namely from the light-transmissible material
portion 12, with a lens effect being caused by the difference in
the refractive index and the curvature of interface between the
liquids 1 and 2, and with the curvature of interface of the
liquids being changed because of the electrowetting when voltage
is applied, the focal distance is changed.
For example, as shown in FIG. 2A, a contact angle between
the conductive material portion 1 and the dielectric film 32 is

60 when voltage is not applied, on the other hand, as shown in

FIG. 2B, when voltage V is applied, the contact angle 6(V)



R k becomes small, and the curvature of the interface

bet ween both the |iquids changes. In FIGS. 2A and 2B,

the sane nunerals are given to the portions

corresponding to those in FIG | and the repetitive

expl anation thereof is omtted. SUVWARY OF THE
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This is caused by difficulty in forming a dielectric film to be
uniformly thin in the container that contains liquid
constituting the variable focus lens. Hereinafter, explanation
will be made regarding the above.

The change in the interface of the conductive liquid and
the insulative liquid is shown with the following Equation (1)
(refer to the above-described Document 2).

COS 6 =(vso-Ysu) /y + €:€0-V?/(2-1y) =« =+ (1)

where,

©: contact angle formed by a conductive liguid material
and an internal wall of a container,

Yso: 1nterfacial tension between an insulative liquid
material and the internal wall of the container,

Ys.: interfacial tension between the conductive liquid
material and the internal wall of the container,

y: interfacial tension between the conductive 1liquid

material and the insulative liquid material,



y: interfacial tension between the conductive liquid

material and the insulative liquid material, r, fi:

relative permttivity of a dielectric filmforned on

the internal wall of the container, e0: permttivity

in a vacuum 1: filmthickness of a dielectric film

V. applied voltage. The Equation (1) is explained with

reference to a schematic viewof FIG 3, in which a

dielectric film32 and.a. water-repellent material
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schematically shown in FIG 4. Specifically with the
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by the conductive liquid material and the internal

schgnatiofviaie eontdinet, obeurBi¢h prépokadtona ofilm 32 and a
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placed thereon, and the contact angle is 60. When voltage V is
applied between the electrode 31 and the conductive 1ligquid
material portion 1 by a voltage applying portion 40, the contact
angle of the conductive liquid material 1 changes to be 6(V),
satisfying O (V) < 00.

The interfacial tension and surface tension when voltage
is applied are schematically shown in FIG. 4.

Specifically, with the Equation (1), the change of a
contact angle 6 formed by the conductive liquid material and the
internal wall of the container occurs in proportion to
permittivity e of a dielectric film and the square of drive
voltage V and in inverse proportion to a film thickness 1 of the
dielectric film. Therefore, it is understood that if the
permittivity € of the dielectric film can be made high and the
film thickness 1 can be made thin, drive voltage that causes the

same change of the focal distance can be reduced.



permttivity a of the dielectric filmcan be made high
and the filmthickness | care be made thin, drive
vol tage that causes the same change of the focal
di stance can be reduced. 6 However, when in actuality
the dielectric filmis fornmed, it is difficult to
forma high dielectric filmof uniform submcron
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dielectric thin film due to the above-described reasons.

Therefore, it 1s desirable to provide a variable focus
lens and an optical device including the same in which drive
voltage of the variable focus lens is reduced, and to provide a
comparatively simplified method of manufacturing the variable
focus lens.

A variable focus lens according to an embodiment of the
present invention includes: a container where a conductive
liquid material portion and an insulative liquid material
portion are contained; a first electrode which applies voltage
to the conductive liquid material portion through a dielectric
layer; and a second electrode which directly contacts with the
conductive liquid material portion, in which the dielectric

layer is an anodized portion made of a metal oxide formed by

anodizing the first electrode.



I ayer; and a second el ectrode which directly contacts
wWth the conductive liquid material portion, in which
the dielectric layer is an anodized portion nade of a
neta; oxide formed by anodizing the first el ectrode.
Further, an optical device according to an enbodi nent
of the present invention includes as a vari able focus
|l ens the variable focus |lens according to the

aboveartdescr idiedmnhed RRtice Glecbheipges8Ntan embodiment of
i nvention. Further, a nethod of manufacturing a

thuariralatl onigedtans AGOIASNG: 4 OaaﬂramQQle”echd?sf 14}% the
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a gggéﬁé electrode that electrically conducts to the conductive
liquid material portion.

As described above, in the variable focus lens and the
method of manufacturing thereof according to embodiments of the
present invention, a metal oxide formed by anodizing an
electrode is used as a dielectric film in a variable focus lens
that was used in related art. Regarding the anodized portion
made of a metal oxide, the film thickness thereof can be
adjusted easily and accurately by adjusting voltage to be
applied.

Specifically, various materials can be used, with which
oxides of comparatively high permittivity, such as an alumina,
tantalum pentoxide film and the like formed by anodizing metals

of aluminum, tantalum and the 1like are obtained. As described

above, by using an anodized portion which is highly insulated



oxi des of conparatively high permttivity, such as an
al umna, tantalum pentoxide filmand the Iike forned
by anodi zing netals of alum num tantalum and the

i ke are obtained. As described above, by using an
anodi zed portion which is highly insulated 8 and has
a high permttivity and whose filmthickness is easily
reduced as a dielectric film considerably |Iow voltage
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FIG. 3 is a schematic explanatory view showing the change
of a contact angle of a variable focus lens of related art;

FIG. 4 is an explanatory view showing a contact angle of a
variable focus lens of related art;

FIG. 5 1is a schematic sectional constitutional view
showing a variable focus lens according to an embodiment of the
present invention;

FIG. 6 1is a schematic sectional constitutional view
showing a variable focus lens according to an embodiment of the
present invention; and

FIG. 7 1is a schematic sectional constitutional view
showing a variable focus lens according to an embodiment of the
present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



showi ng a variable focus | ens according to an

enbodi nent of the present: invention. DESCRIPTION OF
THE PREFERRED EMBODI MENTS "3 Hereinafter, enbodi ments
for carrying out the invention are explained,

however, the present invention is not limted to the
foll ow ng enbodi nents. An enbodi nent of a variable
focus | ens according to the present invention is
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the first electrode 21 is fixed by neans of, for
pPorti@plle, megexyt a metal oxide formed by anodizing the surface

of a first electrode 21. In FIG. 5, the portions corresponding
to those in FIG. 1 are given the same numerals to be shown.

In this embodiment also, the first electrode 21 is formed
to the outside from the internal wall of a container 10 made of
an insulative material of cylindrical shape or the 1like,
covering one end portion thereof. In the present invention, for
example, the surface on the internal wall side of the container
10 1is anodized to be the anodized portion 22 having a
predetermined permittivity.

The end portion of the container 10 on the side covered by
the first electrode 21 is fixed by means of, for example, epoxy
resin and the like liquidtightly (a hermetically-sealed state
not to leak liquid) with a circular light-transmissible material
portion 11 made of glass, light-transmissible resin or the like,

and a so-called bottom surface formed by this 1light-

10



resin and the like liquidtightly (a herneticallyy
sealed state not to leak liquid} wwth a circul ar
light transmisible material portion 11 nmade of
glass, light-transm ssible resin or the like, and a
so-cal |l ed bottom surface fornmed by this light-- 10
transm ssible material portion 11 and the dielectric
film32 on the internal wall of the container 10 are
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ible resin or_the ke i.s f|x U|dt
ing BT ] PHtaatad Soatethor P50 &le IRy e Liquid
t hr ough a hydrothllc nate i al tion 25 caléﬁ
e Y NI 128at | nTERPS. CBRbodL REHTCHISL T gggBaterial
ortion of _the rlng shaped second el ectrode 24 is
PoRLQhdddeand FORABE 10 B0 FEF DRECER er

circunferential surface of this |light-transm ssible
mat éPFRF CPoFR? oL G Ofle tEEsEOWRIEEE §é’c§ﬁ’&ta‘3t with

el ectrode 24 is nmade of _ . _ ,
the conductive liquid material portion 1 is provided a ring-

shaped second electrode 24, for example, and a light-
transmissible material portion 12 made of glass, light-
transmissible resin or the 1like is fixed 1liquidtightly (a
hermetically-sealed state not to leak 1liquid) through a
hydrophilic material portion 25 called hydrophilic cocat. In this
embodiment alsc, the edge portion of the ring-shaped second
electrode 24 1is extended and formed to cover the outer
circumferential surface of this light-transmissible material
portion 12. In the case where the second electrode 24 is made of
a light-transmissible material, the electrode may be circular
instead of being ring-shaped.

Note that, in the case where the light-transmissible

material portion 12 1is made of glass and the internal surface
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a light-transm ssible material, the el ectrode may be
circular instead of being ring-shaped. Note that, in
the case where the Light transm ssible mteria
portion 12 is made of glass and the :internal surface
it thereof is cleaned to maintain hydrophilicity, the
hydrophilic material portion 25 nmay not be needed.
Further in this case also, the first electrode 21 has

theredll Ut Wi1RahBdWHAC hndihe a RdhparépoN Qi e tHa efydlophilic
surface side of the container 10 is provided

ma&%wa@t;ﬁ&ytfdrpmﬂ R yendt pok tiQiiedqef the container. 10
where the second el ectrode 24 is arranged. Further,

the fifslerel aetERAe 21s0n.18e outsi derof E*ﬂ@c%&eﬁ“ﬂerhas a
U and the second el ectrode Z4 on the outer

stehbeupt erentid aln S face ki Be ngﬁﬂetie{‘{fﬂﬁsgﬁﬁace side

material portion 12 are ‘connected to a Vo t age

ofaQHEyE&gt éf ofb o%dgepgle rX@éffgleront hl:%r e'é?ld portion
5 an

I'n t vari a ocus Ien according to

fe[E’Rgd'cEKEEL r?érti]g Qfl ?gn{hé ny& tlcf) e% d@”'ﬁh is, arranged.
Hor it 48

use irst electro
h i ze rm e anodlz d .
Fur%%er’ Qhﬁtun na (ﬁHiﬁ% 9e ? Aht A uid Fed ofi&econ%amer
dielectri

1o TRCBInd, b Bt S afe%zszq& ULA0 gl LSS rencian
- BE50% Gl vyt sl st onssar, b ablatned i g
corr‘;rr?écet'gdaltomca tvg_%tl;lggsgpgiflcntgr %%?:t%%n 5l)(t) hv?truéhhaa?)pthgs voltage
thereto.

Then, in the wvariable focus 1lens according to an
embodiment of the present invention, aluminum or tantalum, for
example, is used as the first electrode 21, which is anodized
to form the anodized portion 22 made of alumina (Al,03) £ilm,
tantalum pentoxide (Tay0s) film or the 1like, constituting a
dielectric film in a variable focus 1lens of related art.
Accordingly, high insulation <can be obtained with high
permittivity and considerably thin coating.

As a material of the first electrode 21, other than the
above, various metals such as niobium, hafnium and titanium
capable of being anodized to form a metal oxide of high
permittivity may be used.

An embodiment of a method of manufacturing a variable

focus lens of the present invention is explained, in the case
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above, various netals such as ni obium hafnium and
titanium capable of being anodized to forma netal
oxi de of high permttivity may be used. An enbodi nment
of a nethod of manufacturing a variable focus |ens of
the present invention is explained, in the case 12
where tantalumis used as an electrode material and is
anodi zed to formthe anodi zed portion 22 nmade of

whtaat abnra pentioxivked Bist 9h, cfleefrbbe madsarinal aml lisobnodized
the container 10 of cylindrical shape ox the Iike,

toCOVET i g eRderddpesEt Ddh tnaladed ot Pesit Dfunt RRneUKSHEE
of the container 10 whi ch becones an area where an

el ectiqde i srémkeReOUintAn-ant ghum thi ncfd | BbhsafREfedy of
by sputtering or the like with a sufficient thickness

cy CaR@D & 10fshaakoLdi ﬂgetﬂQ(é)CCclérvE;ecQﬁﬁ She %ﬁm%o%stlon toward a
Alternatively, the container |0 be made of

paL@ngel WAL OLuPLhEL BBt Aks. céﬁ\%gm@p'?/ot‘bﬁl nteLn @L el area

of the container 10 is soaked in electr yte 0

wh@%@er i lé‘?:ti}%'dg EQEeJﬁ'g&t ai]?%%&aq_rﬁﬁdltﬁﬁ {Heys formed

the transni ssible materi'a por

by lé'pdtsceffl)ﬂ%dogrl ?Héd tﬁegm ¥1 gasg%[fggldﬂ: tk%/lrcﬁc aeg%?ga%able of

st'ate not “to I Cc
B B SRR, T SEE R o
%@:érz:wgz:%:kg“ s skl ot e o

IR iy L
le%H%ckkgggﬁé of phosphoric acid or the like, and is anodized.

Then, after that, the light-transmissible material portion

11 is fixed liquidtightly (a hermetically-sealed state not to
leak liquid) to one end of the container 10 on the side covered
by the first electrode 21, the internal surface is coated with
the water-repellent material portion 23, and the insulative
liquid material portion 2 and the conductive liquid material
portion 1 are injected inside. Then, after coating the surface
with the hydrophilic material portion 25, the 1light-
transmissible material portion 12, to which the second electrode
24 having the above-described shape is deposited by sputtering
or the like, is fixed to obtain a variable focus lens having a
structure of the present invention.

As in a variable focus lens of related art, in the case

where the dielectric film is formed by a vacuum deposition
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transm ssible material portion 12, to which the
Second el ectrode 24 having the above--descri bed.
shape is deposited by sputtering or the like, is
.fixed to obtain a variable focus | ens having a
structure of the present. invention. As in a variable
focus lens of related art, in the case where the
dielectric filmis formed by a vacuum deposition 13

dw1 'S I d D 7] ! apor eposition
mePBLRO am@ew,yspg@y{éﬂawgg Y l(gggg%gf VRRY" peposition),

reposition), n-coat or an el ectro

i;ded Th f : h_a.
spgﬁegéa{ooPetgég%ﬁgg,ngé %legg;gded?§% 59 8 b%?%g&%ﬁ%ﬁq as a

efect as a pi o) cause a ectrirc

Eurt t filmneeds t e . formed with uni f orm
ba?%r Blerddle sucﬁ é%é%FF of >t He éBﬁW&?ﬁerWaY CalSSs d

a
ckness on the“Interna

However . .since, the pinhole is eas] caused dependi n .

a1 SRR e T o B BR S of e bHY et SF gPipRg vith
eIe%;rode t he thickneﬁf of dielectric filmneeds to .

2 P& e e *f%l%fré%%t °Phat’® ahdt§iRals Rpfti Qfl t the Icopépiner.
the drive voltage according to the Equation (1).

HopgYeher SR FR FﬁggéPqpﬁéetm%ﬂﬁﬁéiiﬁﬁc%Wﬁ?%ﬂ@ﬁEﬁﬁqﬁqg on the
film becomes, the nore unevenness tends to occur, and

SUEHATHeConht e Facet bERSweBASt hetkaindbet | & Ithguiedectrode, the
material portion 1 and the insulative liquid materia

thiekigshn czfp sl ardtr iseddhd aeegdpheri bal lamapetal poevent that
according to the above-described Equation (1), a

and a¥lorb|E iddcydtute dpvekhetherdrive ol toimeaiavedrdang to the
the optical quality may deteriorate. On the other

EqpaniePn décording to the enbodi nent:. of the

Further, the larger the thickness of the dielectric film
becomes, the more unevenness tends to occur, and so the
interface between the conductive liquid material portion 1 and
the insulative liquid material portion 2 does not Dbecome a
spherical shape also according to the above-described Equation
(1), a favorable curvature of the lens is not obtained, and the
optical quality may deteriorate.

On the other hand, according to the embodiment of the
present invention, not the whole metal thin film of tantalum or
the like is anodized and a part of which is preserved as metal,
and therefore the remaining metal tantalum layer can be used as
the first electrode as it is.

In other words, since only the surface of the metal that

becomes the electrode is anodized to be the dielectric film,
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present invention, not the whole netal thin film of
tantalumor the like is anodized and a part of which
is preserved as netal, and therefore the renaining
nmetal tantalumlayer can be used as the first
electrode as it is. In other words, since only the
surface of the netal that becones the electrode is
anodi zed to be the dielectric film 14 theoretically

th@8oPLPN@L Bl § Sa NRt ngeNer aked ANdid e hhMabas @R film has an
advant age of being strong against the dielectric

adbhRBkEOWE JUNGNEE r o RAVA NG A CT825 Q0 ¥ 0] YRR d R GL0E.
il e R

process of changing into a nmetal oxi e anodi

portﬂ‘tﬁﬂ:l’?e% be}? ] aingPQac‘geciili a\;olttﬂ{‘:é dit%x%d rocess of
he be

portion, and the dccurrence of pi nhol e can be

I r ; i f terial, of the
cnSARLAP R TR e o TS Sp LGy 27 ppgipes -
e is forned as

erjial of ;tantalumor the,l]
defsfPFEln TBLCERE) Bbal BEGRHALOER, (B GES, S2EhRETRE B the
.1.f _there kﬁ a l%ttif i nhole defect in the netal film
PN tantdl &% 6P7th g e, and the defect does not

bec roblemon the practical_ use. Furthernore,
sin @r&%SFBSF?icF}b?eQRBSgha o%g hbt oeRwAINAHR O thfe @ base
., formation voltage in the netal oxide forned b
1S afodi 23 1O Ve HE tako iz #8SPort MGhadblal Red2 ! apSotpakalum or
the effectiveness that the dielectric pbreakdown
thethidifgti FOTRFGES Not'e ihatthet Aiekpessl @fPrar&dppppyould not
formed by the anodi zati on depends on the formation

OCRHY te¥GE- ilfth%R%lnjp‘-f & Ligtilse réphplopdgfeect in the metal film

of tantalum or the 1like, and the defect does not become a
problem on the practical use. Furthermore, since dielectric
breakdown does not occur until the formation voltage in the
metal oxide formed by anodization, the anodized portion obtained
also has the effectiveness that the dielectric breakdown
strength is high.

Note that, thickness of the film formed by the anodization
depends on the formation voltage. For example, in the case where
tantalum is used, it 1is approximately 1.8nm for 1V of the
formation voltage, theoretically. In addition, the film
thickness becomes uniform because the film is anodized by liquid
immersion. Specifically, even if film thickness is uneven in the
metal film of tantalum or the like formed first, the film
thickness of the anodized portion is uniform and therefore the

curvature of lens can favorably be maintained to be spherical,
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tantalumis used, it is approximtely 1.8nmfor 1V of

the formation voltage, theoretically. in addition,

the film thickness becones uniform because the film

is anodi zed by liquid imersion. Specifically, even

if filmthickness is uneven in the netal film of

tantalumor the like fornmed first, the film thickness

of the anodi zed portion is uniformand therefore the
andulssattee vafr ilagns Garubavenabkynb@enpiadtainagdnt0ab&avorable

spherical, 15 and so the variable focus |ens can be

opﬂadglf@ﬂ@ﬂg&ﬁ%fﬁ@%@&able optical characteristic.
Furt hernore, such manufacturing method that uses

anodrzatieemohas begﬁclﬁlse%éﬂlﬁ%lclfuﬁrg?ﬁga tAMRHAM that  uses
capacitor and the like, and because the device

an%&ié%%ﬂ&ﬁ HéSCBQPQVQEéHGhYdefy”?$§ Qn@ahQﬁlﬁﬁOQHEEbPBor and
technol ogy has al ready been ‘established, th

£hBr ad t' d spepngLdenahl vy&ase MoreoMele ESQ cfqd'E-!&a"f}lvely

vari able focus ens having the structure accor

si lgnbggamerfth Of LF %?J%m ﬂ(ﬂ:\f'ﬁﬁtl IfI ede %Eﬁ%ﬂw been

a neth for the ure are si
roducti perforne on with
{E é§§%p|%he rgﬁucg%Fef%EFPPcl?eF j?n"ed by the
vacyum de 03|t| t hod, s i n- coat nd th i k
relaoé ngf i ?% %ﬂlabl oc&s Igﬁguﬁn ?ﬁ“; %aVlng Ehs

ove-descri ern1tt Vlt

o R eRBEPFIE P T T2 SIGARE AL ey "8 T e ‘FYPRion: 2
de%ﬁcl‘eec\i;ag}eqs}o:rieq & clrl'gﬁé?ela)ét@g&&]aﬁguiréh%rgt ggurnpgagléd and the
mass production can be performed in comparison with the case in
which a dielectric film is formed by the vacuum deposition
method, spin-coat and the like of related art.

In the variable focus lens in the above-described Document
2, relative permittivity of the dielectric film is approximately
3 and the film thickness is approximately 3pm.

On the other hand, in the variable focus lens according to
an embodiment of the present invention, relative permittivity is
approximately 27 and the film thickness is approximately 0.18um,
in the case where metal tantalum was anodized by 100V, for
example. A component ¢/1 in the second term on the right-hand
side of the above Equation (1) becomes about 150 times. Since
drive voltage becomes 1/V(e/l), the drive voltage of the present
invention becomes about 1/12 as compared with wvariable focus

lenses described in the above-mentioned Documents 1 and 2.
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an enbodi ment of the present invention, relative
permttivity is approximately 27 and the film
thi ckness is approximately 0.18m in the Case where
netal tantalum was anodi zed by 111 00V, for exanple.
A conmponent ell in the second termon the right-hand
side of the above Equation (1) becones about 150
times. Since drive voltage becones I/qg(ell), the
drive voltage of the presen%) i&venti (31n becones .%b%ut. th
1717 %s SoMPared Wit A VATEBLE £OEHS 1B U hed the
in the azbove-me ti oned Docunents } and 2. 16 For
DOGYETB €,%7i n*8 VIS abPEST otiEr S edd HestiiYed 'tn 11! as the
cunent 2, in the case where salt water .is used as
CORPRCELBh ATt PUER haPRFE AP pdtd ofi BHPTSi Piléont i FSFE as  the
. used as the insulative material portion, the chan%e )
ingtlahsgreeréal apbptetr Fhombargerrt chispruiherigatsdippter
Is performed by the drive voltage of approximtely
framovi0@y {heersieier toan 0DacicorRfirdgriredanyeirbedidreié Bpltage
the present invention, in the case where materials
of sirryimad el iel2@hove are used for the conductive
material portion and the insulative material portion,
t he Gehae ofhephéendal dropimiingf tappnoximrmdélngnt het the
sane range can be perfornmed by drive voltage of
pregymtoximmegreliynl, OMn Speci fasal vyere mmat emard labl sinfidens to the
| ens of the present invention shown in FIG 5, on
abappl wrag wald ajer ofthe07cedweeive thetdiislt andtsecoadd the
el ectrodes 211 and 24 by the voltage
insulative material portion, the change of spherical diopter of

approximately the same range can be performed by drive voltage
of approximately 10V.

Specifically, in a wvariable focus 1lens of the present
invention shown in FIG. 5, on applying voltage of 10V between
the first and second electrodes 21 and 24 by the voltage
applying means 40, the spherical diopter can be changed by
approximately 150D in comparison with the state in which voltage
is not applied.

Further in this case, since the formation voltage is 100V,
there is sufficient margin for the dielectric breakdown strength.

Morecver, if the film thickness of the anodized portion is
made small by adjusting voltage applied at the time of
ancdization, drive voltage is further reduced, enabling drive
voltage of approximately 5V, 3V to cause the change of the

spherical diopter of the same range.
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appl yi ng means 40, the spherical diopter can be

changed by approximately 150D -Jr, conparison with

the state in which voltage is not applied. further in
this case, since the formation voltage is 100V, there

is sufficient margin for the dielectric breakdown

strength. Mreover, if the filmthickness of the

anodi zed portion is nmade small by adjusting voltage
applrmed & deist M aef abagodb@@d | hs din W@ival tagecbitainer
further reduced, enabling drive voltage of

102RRr @xkeMBteli¥p2é, r3cut016a8S@nble ¢hamrae.of ke made of the
spherical diopter of the sane range. 1. -7 FIG 6

ma SEPVS1 aof/aarﬂ@:q:li%sftoeyéckﬁwe ion W ofk thedqceptal B8 tndOfirst

of the variable focus lens shown in FIG 5 is nmade of

elé@@rod@tﬁi Qﬁdogst I%%ef iJo%tta‘:;LhQQt. r @deca%% tin km’lil{:%.edthe whole

both as the first electrode 21 and as the contal ner.

suf é;cf‘esieosf rﬁh‘@‘“c%*ﬂt%?ﬁe?’”% ethéyg%sgc &f e f‘ngEaEg%%}Qde 21

also the first electr 1 was anodi ze

' h ' ti : ' ol N _Fl 0,
PR S DRSS T L0 E20 BoBIPIN ) 0oL 10 e

corresponding .t those.in FIG.,,5 and .t.he repetitive,.
© 65T aRillT OHLFRarest “art'Bniq 1 E Noe That " AT THaIing o

cnBET LGN SIS 8,1 Guthe, ol iage APRLATDTERN, 0 81 e
onflitet 90 21chap, bean SN A ELLel vy 0 somien
nadi zati on | perforned in the state in which this )
“PRISHAS "BOREI A ATt Ol AEr SBAYHFELRRRZPRg 2doP it Fom, Eirst
eleacqgfo%epoZEt ihoar; 6gete%r rre?ng?r\éldr.]gAtlrtl.grnatively, a convex portion
is provided on a part of the container 10 and anodization is
performed in the state in which this convex portion is not
immersed in anodizing solution, and a portion after removing the
convex portion may be made to be an area connected to the

voltage applying means 40.

In the case of such structure, the film of the first
electrode 21 need not be formed on a part of the surface of the
container 10 of cylindrical shape or the like by sputtering and
the like, which is advantageous to the production.

Similarly to the example shown in FIG. 6 as described
above, FIG. 7 shows an example of a structure in which a first
electrode 21 is also used as a container and in which a ring-

shaped insulative material 26, for example, made of an

insulative material is positioned between the surface on the
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convex portion may be made to be an area connected to
the voltage applying neans 40.. In the case of such
structure, the filmof the first electrode 21 need
not be formed on a part of the surface of the,
container 10 of cylindrical shape or the |ike by
sputtering and the |ike, which is advantageous to the
production. Simlarly to the exanple shown in FIG 6

seadndeatetbeste abnke, ofl &n dnhiows Py r@xample ahddthe second
structure in which a first electrode 21 is al so used

elagtao€ONt 4 Nl vikrd RoM¥eelra £hd9inshapethl SWath¥e second
material 26, for exanple, made of an insulative

elBBtesd@l 2is masht igned betyash el hQ:I?éf"f)@SSuQ&JIheprécsess is
second el ectrode side of an anodi zed portion 22 and

sihpei gecpndngel ectode, 24, fo@ugrdﬂngocﬁﬁc%g hngge having a

i nsulation fromthe second el ectrode 24.

fa§5£ég§éuéhargggeP5ggygt|on process is S|an|f|ed and a
vari abl e focus | ens can be made haV|ng favorabl e

charaetet shigs 1R bhes tac;l%%e' 0. oL e Lbose, SiLuctuigs, .y

are use e exanpl e S

todq§ﬁglgggwgpov%h he dr| V%|t % (Peggg%gfe%he AR

conpar i so ePated and

ctjve ess t.hat suff|C|ent dlelectrl
ve {g ngth Eantbau5bt at'he &m¢f§lé§ﬁl%}ﬁ%dr%ﬁHV§Part diel ERE5E
. _acgcordin the vari foc ., lens and .the nethod
s g%%nLﬁé%ﬁéﬁﬁﬂﬁﬂeFﬁe ggﬁg aﬁ% Hii o Hifd ecémb6di Fepgkdown
regengbtgﬁﬁg ion, since an anodi zed portion

strgngth ca

As explained above, according to the wvariable focus lens
and the method of manufacturing the same according to the
embodiment of the present invention, since an anodized portion
formed by the anodization is used as a dielectric film, the
manufacturing method is simplified and the film thickness can be
made thin in comparison with the case in which the film is
formed by the vacuum deposition method of related art.
Accordingly, since the thickness of the dielectric film can be
reduced and a material having higher permittivity can be used
without difficulty, drive voltage to obtain desirable change of
the focal distance (change of the spherical diopter) can be
reduced greatly in comparison with related art. Further, since
the film can be formed accurately with the uniform thickness

using a simplified manufacturing method in comparison with

related art, deterioration of the optical characteristic caused
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formed by the uanodi zation is used as a dielectric

film the manufacturing nmethod is sinplified and the

f|In1thickness can be made thin in conparison with

the case in which the filmis formed by the vacuum

deposition nethod of related art. Accordingly, since

the thickness of the dielectric filmcan be reduced

and a material having higher permttivity can be used
bywitthwoutinévdddads tyf dreveivel tageesabtainn Kleskyabh&d, and

change of the focal distance (change of the spherica
fudtBPE £r Jrneanobeur feedecedr greabh ynd e COBPAHISR 1ML or the

related art. Further, since the filmcan be forned

in@CeeHad eby whth ILHI@OL@'J:QIH MbENLGKNESS iMSERY Base where the
sinmplified nanu?acturlng nmet hod in conparison wth

cohthated & thagdeber bor atd o of 4 hecaptical

characteristic caused 19 by the unevenness of the
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occurrence of a pin e I's control
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mat erj_al v r| bIe fo us Iens
f avghaeblvéiﬂg # ar act erclc:%) %&n?n l’teh e&ﬂbo\gément of the

prqglge e is reduced an h rov . __The varlaq
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i For. ex nple the above |l ens can be used as a
ééﬁﬁﬁb in the past

For example, the above lens can be used as a small
variable focus lens in a mobile phone unit with a camera
function, in a small camera, in a small imaging device and the
like.

Further, in optical disc devices which perform recording
and/or reproducing of various optical discs represented by a CD
(Compact Disc), DVD (Digital Versatile Disc), BD
(Blue-ray Disc™) and the like, the above lens can be used as an
aberration correcting element and a «collimator lens with
variable magnification.

Particularly, in an optical recording device which uses a
multiple-wavelength light source compatible with those various

optical discs, the focal distance of a collimator lens needs to

be variable, and as described above, because drive voltage can
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vari able focus lens in a nobile phone unit with a
canera function, in a small canera, in a snal

i magi ng device and the |I|ike. Further, in optical disc
devi ces which performrecording and/or reproducing of
various optical discs represented by a CD (Conpact
Disc) , DVD (Digital Versatile Disc) , RD ;Blue-Tay
D.,s::and the |like, the above |ens can be used as an

gr@h@ﬂpabéo&eGQEéQCtlhn@h@ BBt ;angind ceold iviBtah1keRScus lens
with variable magnification. Particularly, in an

acepkicad tecendi nehdaVinesr WBECRhYS@S eRent invention is used,
mul ti pl e-wavel ength |ight source conpatible with :hose

th‘éaﬁrb99§blé’pfé&?§ S ant e fcgﬁﬁlergf§1fy0§vﬂla@)le for these
limator |lens needs to be variable, and as

opggggihﬁggiggpve because drive voltage can 20 greatly
he reduced in the case in which a variable focus Iens
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IS use e varil a us | ens can be ‘commer Ci a
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espect f ocus ens, essen
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and t he no neg ani cal . novabl gort'on, and sg
lsthemgFea%ﬁg%%tﬂagi %fpoﬁ Thg #%hg>Pi feefn are advantages
arls a variabl e focus . lens of  related art

h
ot i ’Hgs %Bgleﬂi 16§ & notHATISAPY VAt Bl TS BerHg lens of

uj e the mptor is unnecessary; and_being .
re 1c 1s moved by a motor; only a small space being
? &% & y

required because the motor is unnecessary; and being provided as
an autofocus mechanism with a simplified structure in an optical
device. However, as described above, in a variable lens of
related art, drive voltage was high and a voltage boosting
circuit was needed when applied to the optical device described
above or to various other optical devices.

On the contrary, according to the embodiment of the
variable focus lens of the present invention, because drive
voltage to obtain desirable change of spherical diopter can be
reduced to approximately 10V or less, application to various
optical devices becomes possible without installing a voltage
boosting circuit, and a variable focus lens having various
advantages described above can be used with a comparatively

simplified circuit configuration.
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an aut of ocus nechanismwith a sinplified structure in

an optical device. However, as described above, in a
variable lens of related art, drive voltage was high

and a voltage :boosting circuit was needed when

applied to the optical device described above O to
various other optical devices. On the contrary,

according to the enbodi nent of the variable focus

| ensT©f shHELPres At dd MM qaty hRGAUSKidNEMe invehtaget that
to obtain desirabl e change of spherical diopter can be

vakegused fduiaBREOXbAR! el Yook ¥a@hoh8SS, RBPLbFBLASNIIM  and
vari ous optical devices becomes possible wthout

altBhal bid oA WRhd98epLROShE Noh HdsGUh! redBfrdndd aReother
focus | ens having various advantages described above
e i at.vel. ' Lfied ei [ ‘
e T gur o o, "31 LRgurd uner srood By tHege Bkt egeronded
i h t hat. . ' |£ications, conbinations,
CIég%éc%ﬂgﬁkhfggggag%%tg:??%géﬁéhans may occur dependi ng
on design requirenents and other factors insofar as
they are within the scope of the appended clains or
the equivalents thereof. 22 What is clainmed is: 1. A
vari abl e focus | ens conprising: a container in which a
conductive liquid material portion and an insul ativee
liquid. material portion are contained; a first
el ectrode which applies voltage to said conductive
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liquid material portion through a dielectric |ayer;
and a second el ectrode which directly contacts with
said conductive liquid material portion, wherein said
dielectric layer i ; an anodized portion made of a
nmet al oxi de formed by anodizing at |east a part of
said first electroge.and.is forogd;at an interna

wal | of the container. 2 The variable focus |ens
according to claim1, wherein said container is nade

of an insulative material, said first electrode is
forned the outside fromthe internal,ma[l of said
contai net,V ing e e SpoPtPonStEher eof, and said

anodi zed portion forned on the surface on the .
i nteritaitat@er sndehefrhsai goednehi vierl1awid THE ardeilapogtion
focus lens according to claiml1, \Werein said

and ot dinserl aitd veadeqofidneeabriahdo@3t orpate agforgaiided;
container is made to be the first electrode and at

| eastfia qrardl eicheelef whs canegdpzedstvo heagaith anddi zedductive
portion. 4The variable focus |ens according to claim

li(ﬂuidﬂﬁ?r%&%irria_iaﬁ@r@QBhaicﬁﬁéu 13Sa Cyld nelvi cad 15hape, -and
Includes light-transm ssible material portions

ar raar%etg) N eq%tcltEr%'aQ wBQE i 89§e&@f§ e&gntzgcts-r%th said

varil a OCus | ens accor ing to ctaim4,

conductive liquid material portion,

wherein said dielectric layer is an anodized portion made
of a metal oxide formed by anodizing at least a part of said
first electrode and is formed at an internal wall of the

container.

2. The variable focus lens according to claim 1,

wherein said container is made of an insulative material,

said first electrode is formed to the outside from the
internal wall of said container, covering one end portion
thereof, and

sald anodized portion is formed on the surface on the

internal wall side of said container.

3. The variable focus lens according to claim 1,

Wherein said container is made of metal, and
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wherein said insulative liquid material is arranged
facing one of said light-transm ssible materi a
portions with a water-repellent naterial portion in
between. 6. The variable focus |l ens according to claim
5, wherein said conductive liquid material is

arranged faeing 4 %%tgtlth oL 5ahyd i gt ’gl{é’"g‘fl &Sleqle%trode

mat eri al portions w a hydrophilic materi por ti
t ween h var le foc ccordi to
and 1y Mt vaqgaé-”.’_cn%éla. Bt et b d o B A %ﬁgséaed

electrode arranged an the end portion of said

viner in contact with said conductive |iquid
material. 8. The variable focus |lens according to
claim1, 24 wherein said first electrode is fornmed by
using netal selected fromtantalum alum nium
ni obi um Thwafrd wimkdred foicianilenms 9cAnrophg clad cevircel ,
conprising: a variable focus | ens which includes: a

contted Meim igniwhicehtaieendheti ¥ellingi ch Mededdedl and includes
portion and an insulative liquid material portion

ar elfgl{ﬂ-adrrh@ﬂ;ml%sfl'b'l%t mgk et § 0dgowhi Ghs aﬂmarﬁ;ﬁed’@ﬂ #®h end

to said conductive liquid material portion through a

pof%f%ﬁ@téﬂ&ré@yer and a second el ectrode which
directly contacts with said conductive |liquid

naterlal portion, wherein in said variable focus |ens,
the dielectric layer is an anodized portion nmade of a

neth OXIde forpmed by anodi zi ng
he variable "focus lens according to claim 4,

wherein said insulative liquid material is arranged facing
one of said light-transmissible material portions with a

water-repellent material portion in between.

6. The variable focus lens according to claim 5,
wherein said conductive liquid material is arranged facing
the other of said light-transmissible material portions with a

hydrophilic material portion in between.

7. The variable focus lens according to claim 4,
wherein said second electrode is a ring-shaped electrode
arranged on the end portion of said container in contact with

said conductive liquid material.

8. The variable focus lens according to claim 1,
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at least a part of said first electrode and is forned
at an internal wall of the container. 10. The optica
devi ce according to claim9, wherein said container is
made of an insulative material, said first electrode
'S forned to the outside fromthe internal wall of

Salvgn ano d ﬁog/seglgh% (%]dlé) %e surk#/haq{seiogr(rjJ t“ﬂer{dal

sai portlon |s ce o
de of sald contalner The ORtIC L
t1 anlum

se1gitg %ef‘%e%w%'ea.tﬁ 8F o DB nlyt Pk, el

container is nade of a netal, and at |east a part of
said container is anodized to be said anodized
portion, 12. The optical device according to claim9,
whet-ei n Aniabtdortlaidrari genct st iirght - t ransni ssi bl e
materi al portions arranged on both end portions

t her ecfridk8.e Thewptliccad weMitcelracloniati:ng to claim 12,
wherein said insulative liquid nmaterial is arranged

faci npntenecaf isaiwhildrght -ddransddised bl iepumt efdt@lrial portion
portions with a water-repellent material portion in

andd %%V\@%%ulgiﬁlvghﬁlgﬁﬂi Clﬁlélitéjﬁi/éf &HAGCY NG th)rﬁ:la@L'nr@d
3, wherein said conductive liquid material i1s

ar&?@ﬂ% tfgfééﬁko& %Eﬁe£%§%L%95%ﬁk5g 5r§§1 nh%%lbk%lve
materi al portions W I‘Ophl erla
lqulJ)matGJEal portion through a dielectric layer; and
a second electrode which directly contacts with said
conductive liquid material portion,
wherein in said variable focus lens, the dielectric layer
is an anodized portion made of a metal oxide formed by anodizing

at least a part of said first electrode and is formed at an

internal wall of the container.

10. The optical device according to claim 9,

wherein said container is made of an insulative material,

said first electrode is formed to the outside from the
internal wall of said container, covering one end portion
thereof, and

said anodized portion is formed on the surface on the

internal wall side of said container.

11. The optical device according to claim 9,
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1.5. The optical device according claim 12, wherein
sai d second electrode is a ring-shaped el ectrode
arranged on the end portion of said container in
contact with. said conductive liquid material. 16.
The optical device according to claim9, 26 wherein

sai g first elegtrode formed b a&%{ anﬁﬁgn{aja;gg%t ed

fromtantal um alum nium niobiu

titapnium 17. A nethod of manufacturing a variabl e _

focﬁg f%%i% 3tpa£§a8? LOMPr PR hg T hE %?e%%og 2€¢ of i g said

a first electrode to a contai ner and anodi zi ng at
anpdhgedtPersti*face thereof to form an anodi zed portion,

sai d anodi zed portion acting as a dielectric Layer at

an internal wall of the container; containing a

conductive liquid material portion and an insulative

liqukd nBheroptiportdenica satdrdomnd atmeslaand,

form ng a second el ectrode that electrically conducts

t 0 Siad e CONEMICH T ¥enthonbe MBERHASE DPOSEEOPrad8nidbenie
nmet hod of manufacturing a variable focus |ens

ma%?ﬁ?&giﬁgrEPoﬁéaéfiéggel @ﬁe%@tﬁaéﬁd988£@i8§£ £§?P@g§.

an electrode material, and at least a part of sard
container is anodized to form said anodi zed portion,
19. The nethod of manufacturing a variable focus | ens

accor di to claim17, .
fg. n@he optfbgl gev1ce according to claim 12,
wherein said insulative liquid material is arranged facing
one of said light-transmissible material portions with a

water-repellent material portion in between.

14. The optical device according to claim 13,
wherein said conductive liquid material is arranged facing
the other of said light-transmissible material portions with a

hydrophilic material portion in between.

15. The optical device according to claim 12,

wherein said second electrode is a ring-shaped electrode
arranged on the end portion of said container in contact with

said conductive liquid material.

16. The optical device according to claim 9,
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r wherein said first electrode is formed by using
metal selected fromtantalum alum nium niobium

haf nium and titanium 20. The variable | ens according
to claim_ wherein said container is cylindrical in
shape. 21. The variable lens according claim1 wherein

saithecont al ey hass@ S dhaty 4 nelydes %4 qtllijgjxéa *Ptal

a cross section perpendicular to an axis ¢ .
selswafe. T2 CPREAVER; ablEIPéHS, atkPridighe b grmiarrgtitaniumn.
wherein said container is cylindrical in shape. 23.
Th ariable lens according to.claim9 wq% ein sa
con _)éll'l neA? %tsh%é]s %pnéa%%? i hettdes ‘e e‘{ee g%c%s dlens’ at
leggoszomzeict ion Per perelbcuwdr to an axis of the shape.
27 forming a first electrode to a container and anodizing at
least the surface thereof to form an anodized portion,
said anodized portion acting as a dielectric layer at an
internal wall of the container;
containing a conductive liquid material portion and an
insulative liquid material portion in said container; and
forming a second electrode that electrically conducts to

sald conductive liquid material portion.

18. The method of manufacturing a variable focus lens
according to claim 17,

wherein said container is made of an electrode material,
and at least a part of said container is anodized to form

said anodized portion.

19. The method of manufacturing a variable focus lens
according to claim 17,
wherein said first electrode is formed by using metal

selected from tantalum, aluminium, niobium, hafnium and titanium.

20. The variable lens according to claim 1 wherein said

container is cylindrical in shape.

21. The variable lens according to claim 1 wherein said
container has a shape that includes a circle as a cross

section perpendicular to an axis of the shape.

22. The variable lens according to claim 9 wherein said

container is cylindrical in shape.
23. The variable lens according to claim 9 wherein said

container has a shape that includes a circle as a cross

section perpendicular to an axis of the shape.
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