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Description
LIQUID LENS AND A METHOD FOR PRODUCING THE SAME
Technical Field
[1] The present invention relates to a liquid lens, and more particularly to a method for

producing a liquid lens capable of forming more stable electrode and insulator film
through a simple process, and a liquid lens produced by the method.

[2]
Background Art

[3] A liquid lens applies the principle of a crystalline lens of a human eye, which
adjusts the focus by transforming itself. Since having a relatively simple structure
without a mechanical driver, the liquid lens has high reliability and massive pro-
ductivity. Furthermore, the liquid lens promptly reacts, consumes minor voltage, and
can be downsized to less than several millimeters. Therefore, the liquid lens is applied
to various fields such as, but not limited to, a digital camera, a camera phone, an

endoscope, a security system, and an optical recording apparatus.

[4] The principle of the liquid lens will be described more specifically with reference to
FIGS. 1 and 2.
[5] As shown in FIG. 1, when a drop of conductive solution such as water is disposed

on a substrate constituted by an insulator and a metal plate, and voltage is applied
between the metal plate and the conductive solution drop, hydrophilicity of the
insulator is increased. Accordingly, shape of the conductive solution drop on the
insulator changes from a dotted-line shape A to a solid-line shape B of FIG. 1. Such a
phenomenon is referred to as electrowetting.

[6] Instead of the water drop placed in the air as shown in FIG. 1, oil and water not
mixing well with each other and having the same density but different refractive
indexes, can also be used to cause the electrowetting. In FIG. 2, with the oil drop
submerged in the water, the oil which is non-conductive liquid and the water which is
conductive liquid, when voltage is applied, hydrophilicity of the insulator is increased.
Accordingly, the shape of the water drop is changed from a solid-line shape A to a
dotted-line shape B. Briefly, the electrowetting means changing an contact angle of the
conductive liquid and shape of the interface between two liquids, by controlling
surface tension of the conductive liquid by applying voltage to the electrode and the
conductive liquid from the outside, in a state where the conductive liquid and the non-
conductive liquid are contacting with each other on the electrode coated with the
insulator.

[7] A liquid lens shown in FIGS. 3 and 4 was introduced by Koninklijke Philips
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[8]

[9]

[10]

[11]

[12]

[13]

[14]

Electronics N. V. in CeBIT held in Hanover, Germany in 2004.

The liquid lens of FIG. 3 comprises a substrate 10, a sidewall 20, and an upper
board 30 mainly made of transparent glass, and lower and intermediate electrodes 40
and 50 disposed along outer circumferences of the substrate 10 and the sidewall 20, re-
spectively. An inside of the sidewall 20 is coated with an insulator 60 to generate the
electrowetting. In addition, a hydrophobic film 70 is spread on the insulator 60. The
insulator 60 and the hydrophobic film 70 insulate conductive and non-conductive
liquids 80 and 90 from the intermediate electrode 50 and as a result, only conductive
liquid 80 remains in contact with an end of the lower electrode 40.

As shown in FIG. 4, upon voltage application, electric charges are accumulated to
the intermediate electrode 50 while opposite electric charges are gathering to an
interface between the conductive liquid 80 and the hydrophobic film 70. Static
electricity accordingly generated decreases the surface tension between the conductive
liquid 80 and the hydrophobic film 70. Consequently, a contact angle 0 and a focal
distance of the liquid lens is reduced.

In fabrication of such a liquid lens, the most essential elements are the electrode and
the insulator. Since uniform and constant application of voltage is required in order to
make sure stable operation of the liquid lens, material and shape of the electrode
should be considerately selected. Material and shape of the insulator also matter for
stable insulation between the two operating liquids and a metal electrode.

Glass is used as a basic material for a conventional liquid lens as shown in FIG. 4.
In order to fabricate the conventional liquid lens, more specifically, an electrode is
made of Indium Tin Oxide (ITO) which is the material of a transparent electrode, the
electrode is coated with an insulator film, and the electrode is then coated with a hy-
drophobic film. However, it is difficult to form the ITO electrode, the insulator film
coating, and the hydrophobic film coating on a vertical surface of the glass. Property of
the insulator film formed on the vertical glass surface may be deteriorated.

In addition, during the fabrication of the liquid lens, it is indispensable to prevent
leakage of the conductive and non-conductive liquids and prevent inflow of air bubbles
to the liquids from the outside.

In the liquid lens as shown in FIGS. 3 and 4, a lens structure holding liquid therein
is sealed usually by a liquid epoxy adhesive, and this causes air bubbles in the liquid
due to outgassing from the epoxy being cured. Since the epoxy is denatured when
contacted with the liquid, reliable adhesion can hardly be guaranteed.

Volume of the liquid varying according to temperature also hinders sealing of the
liquid. For instance, when the liquid expands and contracts by variation of the
temperature, pressure is generated inside the lens containing the liquid, thereby causing

cracks to the epoxy. Sometimes, the whole liquid lens structure can even be broken.
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[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Thus, in order to make sure reliable and cost-effective fabrication of the liquid lens,
the electrode and the insulator film should be stably and reliably formed, the air
bubbles should be prevented from generating, and the liquid needs to be effectively

sealed.

Disclosure of Invention

Technical Problem

Therefore, the present invention has been made in view of the above-mentioned
problems, and it is an object of the present invention to provide a method for producing
a liquid lens structure reliably and massively, by using silicon for a substrate so that an
electrode and an insulator film can be stably mounted.

It is another object of the present invention to provide a method for producing a
liquid lens structure highly improved in stability and reliability, by sealing the liquid
using a solid O-ring so that air bubbles are not generated and by fixing the liquid lens
structure using a dedicated packaging module.

It is yet another object of the present invention to provide a method for producing a
liquid lens structure capable of preventing inflow of air bubbles and breakage of the
liquid lens structure, by compensating expansion and contraction of the liquid using
resilience of the O-ring.

It is still another object of the present invention to provide an improved liquid lens

structure produced by the above methods.

Technical Solution

According to an aspect of the present invention, there is provided a method for
producing a liquid lens comprising steps of providing a silicon substrate having a hole
in the center; forming an insulator film on the silicon substrate and coating the
insulator film with a hydrophobic film; providing a transparent lower substrate
mounted with an electrode on an upper surface thereof; bonding the silicon substrate
onto the lower substrate hermetically; putting conductive liquid and non-conductive
liquid into a liquid storage enclosed by the hole and the lower substrate; and bonding
an upper substrate onto the silicon substrate hermetically.

According to another aspect of the present invention, there is provided a liquid lens
structure comprising a silicon substrate having a hole in the center thereof; a
transparent lower substrate mounted with an electrode on an upper part thereof and
bonded to a lower part of the silicon substrate hermetically; and a transparent upper

substrate bonded to an upper part of the silicon substrate hermetically.

Advantageous Effects
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[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

According to the present invention, difficulty in forming an electrode can be
overcome by using a conductive material, such as silicon, for a substrate. In addition,
since thermal oxidation, one of reliable semiconductor fabrication processes, helps
improve stability of an insulator film, uniform and constant application of voltage can
be achieved. Consequently, the liquid lens can be stably driven.

Moreover, use of a silicon wafer facilitates formation of the insulator film and the
hydrophobic film thereon, thereby enhancing massive productivity. Also, properties of
the insulator film and the hydrophobic film are improved.

Because the liquid is sealed using a thermally cured epoxy O-ring in the solid form,
air bubbles from outgassing are not caused and denaturation of the epoxy due to
contact with the liquid can be prevented during bonding. Furthermore, firmness and re-
liability of the liquid lens structure can be highly improved by using dedicated
packaging modules to fix the liquid lens structure.

The O-ring having resiliency compensates expansion and contraction of the liquid,
thereby preventing inflow of air bubbles and breakage of the liquid lens structure.

Finally, a more reliable and cost-effective liquid lens structure can be produced by

stably forming the electrode and insulator film.

Brief Description of the Drawings

The foregoing and other objects, features and advantages of the present invention
will become more apparent from the following detailed description when taken in
conjunction with the accompanying drawings in which:

FIG. 1 and 2 schematically show the principle of a liquid lens;

FIGS. 3 and 4 are schematic views showing a conventional liquid lens structure;

FIGS. 5 through 11 show processes for fabricating a liquid lens according to an
embodiment of the present invention;

FIG. 12 schematically shows the structure of the liquid lens according to the
embodiment of the present invention;

FIG. 13 schematically shows the structure of a liquid lens according to another
embodiment of the present invention;

FIGS. 14 through 23 show processes for fabricating a liquid lens according to the
another embodiment of the present invention;

FIGS. 24 through 27 schematically show respective structures of the liquid lenses
according to other various embodiments of the present invention;

FIG. 28 schematically shows the structure of a liquid lens according to yet another
embodiment of the present invention; and

FIGS. 29 and 30 are cross-sectional views of the liquid lens according to the
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[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

embodiment of the present invention.

Mode for the Invention

Reference will now be made in detail to exemplary embodiments of the present
invention.

FIGS. 5 through 11 show the processes for fabricating a liquid lens according to an
embodiment of the present invention.

In FIG. 5, a silicon substrate 100 is provided. In FIG. 6, a hole 120 is formed in the
silicon substrate 100.

In FIG. 7, an insulator film 130 is formed on the silicon 100 holding the hole 120
thereon. The insulator film 130 may be implemented by a SiO2 film obtained through
thermal oxidation of the silicon substrate 100. In FIG. 8, next, the insulator film 130 is
coated with a hydrophobic film 140 such as a Teflon film. By the hydrophobic film
140, water, which is conductive liquid, is contacted with only a lower glass substrate
150 which is hydrophilic while being prevented from contacting with a sidewall of the
hole 120 which is hydrophobic. As a result, the liquid lens can be maintained in
constant shape. On the contrary, when the sidewall of the silicon hole 120 is hy-
drophilic, the contact line between the water and the sidewall becomes irregular. Ac-
cordingly, curvature of the interface between conductive liquid and non-conductive
liquid becomes irregular, thereby deteriorating reliability of the liquid lens. The hy-
drophobic film 140 can be implemented by dipping or spraying using a Teflon coating
solution produced by DuPont or 3M.

As shown in FIG. 9, a lower electrode 160 is formed on the lower glass substrate
150.

In FIG. 10, the lower glass substrate 150 mounted with the lower electrode 160 is
bonded to the silicon substrate 100.

In FIG. 11, conductive liquid and non-conductive liquid are injected in sequence. In
FIG. 12, an upper glass substrate 170 is bonded to the upper part of the silicon
substrate 100, thereby completing the liquid lens structure.

If liquid epoxy is used for bonding of the glass substrates 150 and 170 with the
silicon substrate 100, air bubbles may be generated by outgassing from the epoxy
being cured. In this embodiment, therefore, an O-ring made of cured epoxy such as
thermal-cured epoxy and UV epoxy is used for sealing the glass substrates 150 and 170
and the silicon substrate 100, in order to prevent generation of the air bubbles. In this
case, the cured epoxy O-ring (not shown) is disposed at the bonding portion between
two substrates. The sealing method using the cured epoxy O-ring will be described

hereinafter in greater detail with reference to FIGS. 14 through 23.
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[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

The liquid lens as shown in FIG. 12 is obtained through the processes according to
an embodiment of the present invention. In the step of FIG. 6, if the hole 120 on the
silicon substrate 100 is formed vertically, the liquid lens having a vertical structure can
be obtained as shown in FIG. 13.

According to the processes of FIGS. 14 through 23, a liquid lens structure capable
of preventing leakage of the liquid and inflow of air bubbles can be produced.

Firstly, a silicon substrate 200 is provided in the step of FIG. 14. A hole 220 is
formed on the silicon substrate 200 in the step of FIG. 15.

In the step of FIG. 16, an insulator film 230 made of a SiO2 film is formed on the
silicon substrate 200 holding the hole 220 thereon by thermal oxidation. Next, in the
step of FIG. 17, coating of a hydrophobic film 240 is formed on the insulator film 230.

In the step of FIG. 18, a lower electrode 260 is formed on a lower glass substrate
250. In the step of FIG. 19, a first O-ring 270 for sealing the liquid is formed on the
lower electrode 260. As well as a general O-ring made of rubber or urethane, an epoxy
O-ring cured by dispensing or screen-printing can be used for the first O-ring 270.

In the step of FIG. 20, the lower glass substrate 250 mounted with the first O-ring
270 is firstly fixed to the silicon substrate 200 by bonding, using a first packaging
module 300.

In the step of FIG. 21, conductive liquid and non-conductive liquid are put into a
liquid storage in sequence. Here, the non-conductive liquid is put in so that the surface
thereof is convexed higher than the surface of the silicon substrate 200 using surface
tension of the non-conductive liquid.

In the step of FIG. 22, an upper glass 290 mounted with a second O-ring 280 covers
the silicon substrate 200, pushing away the non-conductive liquid, so that air bubbles
are not generated. Finally, as shown in FIG. 23, the upper glass 290mounted with the
second O-ring 280 is secondly fixed to the silicon substrate 200 securely using a
second packaging module 310 so that the solution inside the liquid lens can not leak
out.

In the embodiment shown in FIG. 22, the second O-ring 280 is formed on both the
upper and the lower sides of the upper glass 290 while the lower glass substrate 250
has the first O-ring 270 only on the upper side. However, the present invention is not
limited so but can be structured in various types shown in FIGS. 24 through 27, as long
as the liquid can be properly sealed. Also, the silicon substrate 200 may have another
structure as shown in FIG. 28.

Cross-sectional surfaces of the packaging modules 300 and 310 can be square (FIG.
29) or circular (FIG. 30).

While the invention has been shown and described with reference to certain em-

bodiments thereof, it will be understood by those skilled in the art that various changes
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in form and details may be made therein without departing from the spirit and scope of
the invention as defined by the appended claims.

[60]
Industrial Applicability

[61] A liquid lens and a method for producing the same according to the present
invention are applicable to various fields utilizing a conventional optical lens, such as a
digital camera, a camera phone, an endoscope, a security system, and an optical

recording apparatus.
[62]
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Claims

A method for producing a liquid lens comprising steps of:

providing a silicon substrate having a hole in the center;

forming an insulator film on the silicon substrate and coating the insulator film
with a hydrophobic film;

providing a transparent lower substrate mounted with an electrode on an upper
surface thereof;

bonding the silicon substrate onto the lower substrate hermetically;

putting conductive liquid and non-conductive liquid into a liquid storage
enclosed by the hole and the lower substrate; and

bonding an upper substrate onto the silicon substrate hermetically.

The method of claim 1, wherein the insulator film is made of a SiO2 film
obtained by thermal oxidation.

The method of claim 1, wherein, in the step of bonding the silicon substrate to
the lower substrate, a first O-ring is formed on at least one of upper and lower
surfaces of the lower substrate, and a first packaging module is used for the
bonding so that the lower substrate and the silicon substrate can be hermetically
fixed.

The method of claim 1, wherein, in the step of bonding the upper substrate to the
silicon substrate, a second O-ring is formed on at least one of upper and lower
surfaces of the upper substrate, and a second packaging module is used for the
bonding so that the upper substrate and the silicon substrate are hermetically
fixed.

The method of any of claim 1 to claim 4, wherein the O-ring is selected from a
group comprising a rubber O-ring, an urethane O-ring, and a thermal-cured
epoxy O-ring.

The method of any of claim 1 to claim 4, wherein, in the step of putting in the
liquid, a surface of the liquid is convexed higher than the upper surface of the
silicon substrate using surface tension of liquid, and in the step of bonding the
upper substrate, the upper substrate pushes away part of the liquid higher than
the silicon substrate.

A method for producing a liquid lens comprising steps of:

providing a conductive substrate having a hole in the center;

forming an insulator film on the conductive substrate and coating the insulator
film with a hydrophobic film;

providing a transparent lower substrate mounted with an electrode on an upper

surface thereof;
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[8]

[9]

[10]

[11]

[12]

[13]

bonding the conductive substrate onto the lower substrate hermetically;

putting conductive liquid and non-conductive liquid into a liquid storage
enclosed by the hole and the lower substrate; and

bonding the upper substrate onto the conductive substrate hermetically.

The method of claim 7, wherein the bonding steps use an O-ring for sealing
between the lower and the conductive substrates and between the upper and the
conductive substrates, and use a dedicated packaging module for fixing the
respective substrates.

The method of claim 7 or claim 8, wherein the hydrophobic film coating is
restricted to a sidewall of the hole.

A method for producing a liquid lens comprising steps of:

providing a silicon substrate having a hole in the center;

forming a SiO2 film on the silicon substrate and coating the SiO2 film with a hy-
drophobic film;

providing a transparent lower substrate mounted with an electrode on an upper
surface thereof;

bonding the silicon substrate onto the lower substrate hermetically using a first
packaging module;

putting conductive liquid and non-conductive liquid into a liquid storage
enclosed by the hole and the lower substrate, so that a surface of the liquid is
convexed higher than an upper surface of the silicon substrate using surface
tension of liquid;

bonding a transparent upper substrate onto the silicon substrate hermetically,
while pushing away part of the liquid higher than the silicon substrate using the
upper substrate mounted with an O-ring on at least one of upper and lower
surfaces thereof; and

fixing the upper substrate and the silicon substrate using a second packaging
module connected to the first packaging module.

A liquid lens structure comprising:

a silicon substrate having a hole in the center thereof;

a transparent lower substrate mounted with an electrode on an upper part thereof
and bonded to a lower part of the silicon substrate hermetically; and

a transparent upper substrate bonded to an upper part of the silicon substrate her-
metically.

The liquid lens structure of claim 11, further comprising a SiO2 film formed on
the surface of the silicon substrate.

The liquid lens structure of claim 11 or claim 12, further comprising a first

packaging module for bonding and fixing the lower substrate and the silicon
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[14]

[15]

[16]

[17]

[18]

[19]

[20]

substrate to each other.

The liquid lens structure of claim 13, further comprising a first O-ring on at least
one of upper and lower surfaces of the upper substrate.

The liquid lens structure of claim 14, further comprising a second packaging
module for bonding and fixing the upper substrate and the silicon substrate to
each other.

The liquid lens structure of claim 15, further comprising a second O-ring on at
least one of upper and lower surfaces of the lower substrate.

The liquid lens structure of claim 16, further comprising a hydrophobic film on
the SiO2 film within a range of the hole formed in the center of the silicon
substrate.

The liquid lens structure of claim 17, wherein the transparent upper and the
lower substrates are made of glass.

A liquid lens structure comprising:

a silicon substrate having a hole in the center thereof;

a hydrophobic film spread on at least a part of the silicon substrate surface;

a transparent lower substrate mounted with an electrode on an upper part thereof
and bonded to a lower surface of the silicon substrate hermetically;

a transparent upper substrate bonded to an upper part of the silicon substrate her-
metically;

a first packaging module for bonding and fixing the lower substrate and the
silicon substrate to each other;

a second packaging module for bonding and fixing the upper substrate and the
silicon substrate to each other;

a first O-ring formed on at least one of upper and lower surfaces of the upper
substrate; and

a second O-ring formed on at least one of upper and lower surfaces of the lower
substrate.

The liquid lens structure of claim 19, wherein the first and the second O-rings are
selected from a group comprising a rubber O-ring, a urethane O-ring, and a

thermal-cured epoxy O-ring.
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