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(57) ABSTRACT 

A method for centering a drop of liquid on a given point on 
a Surface. The inventive method consists in forming a 
bell-mouthed receSS, whereby said receSS has a curvature at 
any point at the limit of contact between the drop and the 
receSS that is lower than or opposite to the curvature of a 
circle (TC) that is tangent to the Surface of the recess to said 
point and at a symmetrical point (CP2) of Said Surface. 
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DROP CENTERING DEVICE 

0001. This application is a continuation/divisional of 
copending application Ser. No. 09/937,508, filed May 22, 
2002, which was filed as a national Stage application of 
International Application No. PCT/FR00/00751, filed Mar. 
24, 2000, which claims the right of priority based on French 
Patent Application No. 99/03980, filed Mar. 26, 1999. This 
application is also being filed as a continuation-in-part of 
International Application No. PCT/FR98/02143, which was 
filed Oct. 7, 1998, which was copending with International 
Application No. PCT/FR00/00751, and is also being filed as 
a continuation-in-part of application Ser. No. 09/529,193, 
which was filed Jul. 25, 2000, as a S. 371 national stage 
application of International Application No. PCT/FR98/ 
02143 and which was also copending with International 
Application No. PCT/FR00/00751. application Ser. No. 
09/529,193, and its corresponding International Application 
No. PCT/FR98/02143, claim the right of priority based on 
French Patent Application No. 97/12781, filed Oct. 8, 1997, 
the former now issued as U.S. Pat. No. 6,369,954. 
0002 The present invention relates to the maintaining of 
a liquid drop in a predetermined position on a Solid Surface, 
and more Specifically to the centering of Such a drop. 
0.003 For various reasons, it may be desired to maintain 
a drop laid on a Surface, accurately centered on a predeter 
mined axis. A known way (by the inventor) consists of 
modifying around this axis the Surface wetability with 
respect to the drop liquid. 
0004 FIG. 1 shows a side cross-section view of a liquid 
drop 2 laid on a Surface 4. Surface 4 has been processed in 
a circular area C1 centered on an axis O. The processing of 
area C1 is such that its wetability with respect to the liquid 
of drop 2 is strong. Thus, capillarity forces maintain drop 2 
centered on axis O. 

0005 An improvement (of the inventor), not shown, of 
Such a Surface processing consists of creating around axis O 
Several concentric circular areas. The processing of these 
areas then is Such that the closer an area is to axis O, the 
more its wetability with respect to the liquid of drop 2 is 
Strong. Such an improvement enables centering drop 2 for 
different contact angles. This is particularly advantageous 
when a way of changing Said angle is available, for example 
by means of an electric Voltage. Such Surface processings 
may however be difficult and expensive to implement. 
0006 An object of the present invention is to center a 
drop laid on a Surface without using a modification of the 
surface wetability. 
0007 To achieve this object, the present invention pro 
vides a method for centering a liquid drop at a given location 
of a Surface, which consists of forming at this location a 
flared hollow Such that, at any point of the contact limit 
between the drop and the hollow, said hollow has a curvature 
Smaller than or opposite to that of a circle tangent to the 
hollow Surface at Said point and at a Symmetrical point of 
this Surface. 

0008 According to an embodiment of the present inven 
tion, the flared hollow has the shape of a truncated cone with 
an axis perpendicular to Said Surface. 
0009. According to an embodiment of the present inven 
tion, the flared hollow has the shape of the upper central 
portion of a torus having an axis perpendicular to the 
Surface. 
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0010. According to an embodiment of the present inven 
tion, a method for centering a liquid drop on the external 
Surface of a conveX Surface is provided, which consists of 
giving this Surface at any point of the contact limit with the 
drop a shape Such that this Surface has a curvature greater 
than that of a circle tangent to this Surface at this point and 
at a symmetrical point of this Surface. 
0011. According to an embodiment of the present inven 
tion, the convex Surface is formed by revolution against Said 
axis of an arc of a circle having a radius Smaller than that of 
Said tangent circle. 
0012. The present invention also provides a variable 
focus lens implementing the above-mentioned method, 
which includes a wall made of an isolating material, a drop 
of a first isolating liquid arranged on an area of a first Surface 
of the wall, a Second conductive liquid covering the first 
Surface and the drop, the first and Second liquids being 
non-miscible, having different optical indexes and Substan 
tially the same density, and means for applying an electric 
Voltage between the conductive liquid and an electrode 
arranged on the Second Surface of Said wall, the drop being 
placed in a flared hollow of the wall. 
0013. According to an embodiment of the present inven 
tion, the electrode is a sheet metal, the flared hollow is a 
truncated cone formed by embossing Said sheet metal, 
centered on an axis perpendicular to the first Surface, and the 
bottom of which is pierced with a centered hole, and the 
isolating material wall is a transparent plastic film flattened 
against the electrode and the walls of the hollow, and which 
coverS Said hole. 

0014. According to an embodiment of the present inven 
tion, the electrode is a sheet metal, the flared hollow is a 
truncated cone formed by machining Said sheet metal, 
centered on an axis perpendicular to the first Surface, and the 
bottom of which is pierced with a centered hole, and the 
isolating material wall is a transparent plastic film flattened 
against the electrode and the walls of the hollow, and which 
coverS Said hole. 

0015 The foregoing objects, features and advantages of 
the present invention, will be discussed in detail in the 
following non-limiting description of Specific embodiments 
in connection with the accompanying drawings. 
0016 FIG. 1, previously described, shows a side cross 
Section view of a drop-centering means according to prior 
work of the present inventor, 
0017 FIG. 2 shows a side cross-section view of a liquid 
drop laid on a planar Surface; 
0018 FIGS. 3 to 7 are side cross-section views of a liquid 
drop placed in a flared hollow of a Surface; 
0019 FIGS. 8 to 10 are side cross-section views of a 
liquid drop located at one end of a drop-grasping rod; 

0020 FIG. 11 shows a side cross-section view of an 
application of the present invention to the centering of a 
transparent liquid drop used as a lens, and 

0021 FIG. 12 shows a side cross-section view of an 
alternative of FIG. 11. 

0022 Same elements have been designated with same 
references in the following drawings. In particular, reference 
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2 will designate a liquid drop of Small dimensions, having its 
position on a Surface essentially defined by the capillarity 
forces (the Surface tension). Reference 4 will designate a 
Surface, the Wetability of which is constant with respect to 
the liquid of drop 2. 
0023 FIG. 2 shows a planar Surface 4 cut by an axis O 
perpendicular to this Surface. If a liquid drop is desired to be 
placed at a position A centered on axis O, for example, by 
being deposited from a drop-grasping rod, the chances of 
achieving this with precision are Small, the drop remaining 
where it has been laid, for example, at a position B. 
0024. As illustrated in FIG.3, to solve the problem of the 
centering of a drop 2 with respect to an axis O, the present 
inventor has first thought of placing drop 2 in a hollow 
formed in Surface 4, this hollow having the shape of a 
Spherical cap Symmetrical with respect to axis O. However, 
any position of drop 2 in hollow 6 has appeared to be a stable 
position. Thus, as in the case of a planar Surface 4, if drop 
2 is desired to be placed at a position A centered on axis O, 
the chances of achieving this with precision are Small since 
the drop will remain where it has been laid, for example, at 
a position B. 
0025 French patent application number 97/12781 (cor 
responding to U.S. Pat. No. 6,369.954) deposited by the 
present applicant describes a variable-focus liquid lens 
formed by a liquid drop laid at the Surface of a Solid, 
centered on an axis by the means described in relation with 
FIG. 1. This application further describes electromagnetic 
means for deforming the drop while maintaining it centered 
on the axis. On the other hand, this patent application 
describes a variable-focus liquid lens formed by a liquid 
drop contained in a tube and maintained centered on the tube 
axis by capillarity. There thus appears that a drop 2 can be 
centered on an axis O by being placed in a cylindrical hollow 
of Surface 4, centered on this axis. However, it is difficult to 
place a liquid drop in Such a cylindrical hollow while 
avoiding for a bubble to remain at the drop basis. 
0026. The present inventor has then systematically 
Searched which type of hollow centered on an axis O enables 
easy centering of a liquid drop on this axis. 
0.027 FIGS. 4 to 7 each represent a side cross-section 
view of a liquid drop 2 placed in a flared hollow 6 centered 
on an axis O and formed in a Surface 4. For a position A of 
drop 2, centered on axis O., CP1 designates any point of the 
contact limit between drop 2 and the surface of hollow 6. 
The circle having its center located on axis O, and which is 
tangent to the surface of the hollow both at point CP1 and 
at a Symmetrical point CP2, is called the tangent circle TC. 
0028 FIG. 4 represents a liquid drop 2 placed in a hollow 
6 formed by the revolution around axis O of an arc of a circle 
having a radius Smaller than that of previous circle TC. 
Thus, at any point CP1 of the contact limit between the 
hollow Surface and the drop, the Surface curvature of the 
hollow is greater than that of circle TC. 
0029 FIG. 5 shows a liquid drop 2 placed in a hollow 6 
formed by revolution of a segment around axis O. Hollow 6 
is a truncated cone. Thus, at any point CP1 of the contact 
limit with the drop, the surface curvature of hollow 6 is null, 
Smaller than that of tangent circle TC. 
0030 FIG. 6 shows a liquid drop 2 placed in a hollow 6 
formed by revolution around axis O of an arc of a circle 
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greater than that of previous circle TC. Thus, at any point 
CP1 of the contact limit with the drop, the surface curvature 
of the hollow is smaller than that of tangent circle TC. 
0031 FIG. 7 shows a liquid drop 2 placed in a hollow 6 
formed by revolution around axis O of an arc of a circle 
having a curvature opposite to that of tangent circle TC. 
Hollow 6 corresponds to the central upper portion of a torus. 
At any point CP1 of the contact limit with the drop, the 
Surface curvature of hollow 6 is opposite to that of tangent 
circle TC. 

0032. The present inventor has shown that, for a drop 2 
placed in a flared hollow 6 centered on an axis O, the Surface 
curvature of hollow 6 at any point CP1 of the contact limit 
with the drop determines whether a position A of the drop 
centered on axis O is a position of equilibrium or not. 
0033. Thus, when, as in FIGS. 5, 6, and 7, the curvature 
at any point CP1 is Smaller than or inverse to that of tangent 
circle TC, a drop placed in Such a hollow naturally takes a 
position A centered on axis O. 
0034. On the other hand, when, as in FIG. 4, the curva 
ture at any point CP1 is greater than that of tangent circle 
TC, a position A of the drop, centered on axis O, is 
particularly unstable and will not be able to be maintained. 
A drop placed in Such a hollow naturally takes an out-of 
center position B with respect to axis O. 
0035 Finally, when, as in FIG. 3, the curvature at any 
point CP1 is equal to that of tangent circle TC, any position 
of the drop is stable, and a drop placed in Such a hollow at 
a position B brought out of center will keep this position. 
0036) Thus, the present invention provides a method for 
centering a drop at a given location of a Surface consisting 
of forming at this location a flared hollow Such that, at any 
point CP1 of the contact limit with the drop, this hollow has 
a curvature Smaller than or opposite to that of tangent circle 
TC. 

0037. It should be noted that only the contact limit 
between the drop and the hollow surface counts. The shape 
of the hollow has no importance and it may be flat, convex, 
O COCVC. 

0038 According to another aspect of the present inven 
tion, a conveX Surface of uniform Wetability centered on an 
axis O is considered, on which is laid a liquid drop, in a 
position A centered on axis O. The previously-described 
point CP1 and tangent circle TC are considered again. 
0039 FIGS. 8 to 10 are side cross-section views of a 
liquid drop 14 placed on a conveX Surface 16 centered on an 
axis O. 

0040 FIG. 8 shows the case where the convex surface is 
spherical. The surface of sphere 16 at any point CP1 of the 
contact limit with drop 14 is always confounded with 
tangent circle TC. 
0041. In the case of FIG. 9, the convex surface is conical. 
The “curvature” of conical Surface 16 at any point CP1 of 
the contact limit with drop 14 is always smaller than that of 
tangent circle TC. 
0042. In the case of FIG. 10, the convex surface is 
formed by revolution around axis O of an arc of a circle 
having a radius Smaller than that of tangent circle TC. The 
surface curvature at any point CP1 of the contact limit with 
drop 14 is always greater than that of tangent circle TC. 
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0043. The present inventor has shown that, for a drop 14 
placed on a conveX Surface 16 centered on an axis O, the 
curvature at any point CP1 of the contact limit with the drop 
determines whether a position A of the drop, centered on 
axis O, is a position of equilibrium of not. 
0044) Thus, when, as in FIG. 10, the curvature at any 
point CP1 is greater than that of tangent circle TC, a drop 
placed on Such a Surface naturally takes a position A 
centered on axis O. However, as in FIG. 9, the curvature at 
any point CP1 is smaller than that of tangent circle TC, a 
position A of the drop, centered on axis O, is unstable. A 
drop placed on Such a Surface naturally takes a position B 
brought out of center with respect to axis O. 
0.045 Finally, when, as in FIG. 8, the curvature at any 
point CP1 is equal to that of tangent circle TC, any position 
of the drop is stable, and a drop placed at an out-of-center 
position B will keep this position. 
0046) Thus, the present invention provides a method for 
centering a drop on a conveX Surface which consists, at any 
point CP1 of the contact limit with the drop, of giving the 
Surface a curvature greater than that of tangent circle TC. 
0047 According to an application of this method, convex 
surface 16 forms the end of a rod 18 for grasping a drop 14. 
Indeed, for certain chemical or biological handling opera 
tions, it is desirable to have drop-grasping rods which enable 
precisely and reliably handling liquid drops. A drop-grasp 
ing rod, the end of which is formed according to the present 
invention, enables conveying definitely centered drops. 
0.048. An application of the present invention to the 
forming of a means for centering a liquid drop used as an 
optical lens will now be described. 
0049 FIG. 11 shows a simplified cross-section view of 
Such a variable-focus liquid lens, formed in a dielectric 
enclosure 4 filled with a conductive liquid 8. Dielectric 4 
naturally has a low Wetability with respect to conductive 
liquid 8. A lower surface of a wall of enclosure 4 includes 
a hollow 6, centered around an axis Operpendicular to this 
wall. Hollow 6 is a truncated cone according to the present 
invention, such as that shown in FIG. 5. A drop of an 
isolating liquid 2 is placed in hollow 6. AS Seen previously, 
isolating liquid drop 2 naturally takes a position A centered 
on axis O. Isolating liquid 2 and conductive liquid 8 are both 
transparent, non-miscible, they have different optical 
indexes and have Substantially the same density. The dioptre 
formed between liquids 8 and 2 forms a surface of a liquid 
lens, the optical axis of which is axis O and the other Surface 
of which corresponds to the contact between the drop and 
the bottom of the hollow. As electrode 10, including a hole 
11 in the vicinity of axis O, is placed on the external Surface 
of dielectric enclosure 4. AS electrode 12 is in contact with 
conductive liquid 8. Electrode 12 may be immersed in liquid 
8, or be a conductive deposition performed on an internal 
wall of enclosure 4. A voltage Source (not shown) enables 
applying a voltage V between electrodes 10 and 12. 
0050 Voltage V may be increased from O volt to a 
maximum Voltage, which depends on the used materials. 
When the Voltage increases, isolating liquid drop 2 deforms 
to reach a limiting position (designated with reference B). 
While drop 2 deforms from its position A to its position B, 
the focus of the liquid lens varies. 
0051. It should be noted that, drop 2 being an isolating 
liquid, no microdrops occur at its periphery when Voltage V 
is high, conversely to what would occur if the drop was a 
conductive liquid. 
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0052 The conical shape of hollow 6 is such that, what 
ever the shape of drop 2 that it contains, the curvature of its 
Surface at any contact point between the limit of the drop and 
the Surface is Smaller than that of a tangent circle TC 
crossing this point. Thus, according to an aspect of the 
present invention, hollow 6 is Such that, all along its defor 
mation from its position A to its position B, liquid drop 2 is 
continuously maintained centered on axis O. A liquid lens 
with a accurately fixed optical axis and with a focus varying 
with voltage V is thus available. 
0053. It should be noted that a hollow 6 according to the 
present invention, which ensures the continuous centering of 
liquid drop 2, is relatively simple to implement and that it 
advantageously replaces the electromagnetic centering 
means or the Surface processing centering means described 
in above-mentioned French patent application. 
0054 An A.C. voltage will preferably be used for voltage 
V, to avoid the accumulation of electric loads across the 
thickness of material 4, from the Surface on which is laid 
drop 2. 
0055 As an example, water charged with salts (mineral 
or others) or any liquid, organic or not, which is conductive 
or made Such by addition of ionic components may be used 
as a conductive liquid 8. For isolating liquid 2, oil, an alkane 
or a mixture of alkanes, possibly halogenated, or any other 
isolating liquid non miscible with conductive liquid 8 may 
be used. Dielectric wall 4 may be a glass plate or a 
Superposition of fluorinated polymer, epoxy resin, polyeth 
ylene. Electrode 10 may be a metal deposition. 
0056 FIG. 12 shows a simplified cross-section view of 
an alternative embodiment of the variable-focus liquid lens 
of FIG. 11. Same references designate same elements in 
FIGS. 11 and 12. In this embodiment, electrode 10 may be 
a metal sheet in which hollow 6 is formed by embossing. It 
may also be a metal wall in which hollow 6 has been formed 
by machining, then polishing. Wall 4 then is, for example, a 
thin transparent plastic film flattened against electrode 10 
and which covers hole 11. This plastic film may for example 
be flattened by thermoforming. 
0057. In the example of application of FIG. 12, drop 2 
has an idle diameter of approximately 1 to 5 mm. Conduc 
tive liquid 8 and the isolating liquid of drop 2 being 
Substantially of Same density, drop 2 has the shape of a 
spherical cap. When idle (position A), the edge of drop 2 
makes an angle of approximately 45 degrees with the 
Surface of hollow 6, if the latter is a cone having a 45-degree 
slope. In its limiting position (position B), the edge of drop 
2 makes an angle of approximately 90 degrees with the 
Surface of enclosure 4. The described device, using as a 
conductive liquid 8 Salt water having an optical indeX 1.35 
and, as the isolating liquid of drop 2, oil with optical index 
1.45, enables obtaining approximately 30 diopters of focus 
variation for an applied voltage of 250 V and a dissipated 
electric power of a few mW. The frequency of the A.O. 
voltage ranges in this case between 100 and 10,000 Hz, its 
period being much Smaller than the System response time of 
approximately a few hundredths of a Second. 
0058. The variable-focus lens according to the present 
invention may have a size ranging between a few hundreds 
of um and a few tens of mm and may in particular be applied 
to the field of optoelectronic, endoscopy, imaging and vision 
Systems. 

0059) Of course, the present invention is likely to have 
various alternatives and modifications which will occur to 
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those skilled in the art. In particular, the present description 
has been made in relation with hollows having a circular 
croSS-Section, that is, formed by rotation around an axis O. 
However, elongated hollows having the Shape of a channel 
may for example be provided. In this case, FIGS. 5 to 7 will 
be considered as describing the cross-section view of a 
channel, and axis O will represent the Symmetry plane of 
Said channel. 

0060. On the other hand, a hollow 6 with a flat bottom has 
been shown in FIG. 11, which results in a plano-convex 
lens. Now, it has been seen that the shape of the bottom of 
hollow 6 does not influence its properties of centering of 
drop 2. Thus, biconveX or meniscus lenses may easily be 
formed by modifying the curvature of the bottom of hollow 
6. 

0061. On the other hand, also, an embodiment of a 
variable-focus lens using a conical hollow such as in FIG. 
5 has been shown in FIGS. 11 and 12, but the present 
invention will easily be adapted to a variable-focus lens 
using another shape of hollow according to the present 
invention. 

0.062 Finally, a device including a network formed of 
groups of three Separately-controlled variable-focus lenses, 
red-, green- and blue-colored, operating for example in all or 
nothing, enabling letting through or Stopping the light com 
ing from a single white light Source may be formed, thus 
forming an illuminated color Screen that can be very large 
and of low cost. 

1. A method for centering a liquid drop (2) at a given 
location of a Surface (4), characterized in that it consists of 
forming at this location a flared hollow (6) Such that, at any 
point (CP1) of the contact limit between the drop and the 
hollow, Said hollow has a curvature Smaller than or opposite 
to that of a circle (TC) tangent to the hollow surface at said 
point and at a symmetrical point (CP2) of this Surface. 

2. The method of claim 1, characterized in that the flared 
hollow (6) has the shape of a truncated cone with an axis 
perpendicular to Said Surface. 

3. The method of claim 1, characterized in that the flared 
hollow (6) has the shape of the upper central portion of a 
torus having an axis perpendicular to the Surface. 

4. A method for centering a liquid drop (14) on the 
external Surface of a convex Surface (16), characterized in 
that it consists of giving this Surface at any point (CP1) of 
the contact limit with the drop a shape Such that this Surface 
has a curvature greater than that of a circle (TC) tangent to 
this Surface at this point and at a symmetrical point (CP2) of 
this Surface. 

5. The method of claim 4, characterized in that it consists 
of forming the convex Surface (6) by revolution against Said 
axis of an arc of a circle having a radius Smaller than that of 
Said tangent circle. 

6. A variable-focus lens, including: 
a wall made of an insulating material (4), 
a drop of a first insulating liquid (2) arranged on an area 

of a first Surface of the wall, 
a second conductive liquid (8) covering the first 30 

Surface and the drop, the first and Second liquids being 
non-miscible, having different optical indexes and Sub 
Stantially the same density, and 
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means (12) for applying an electric Voltage (V) between 
the conductive liquid and an electrode (10) arranged on 
the Second Surface of Said wall, 

characterized in that the drop is placed in a flared hollow 
(6) of the wall according to the method of claim 1. 

7. The variable-focus lens of claim 6, characterized in 
that: 

the electrode (10) is a sheet metal, 
the flared hollow (6) is a truncated cone formed by 

embossing said sheet metal, centered on an axis (0) 
perpendicular to the first Surface, and the bottom of 
which is pierced with a centered hole (11), and 

the insulating material wall (4) is a transparent plastic film 
flattened against the electrode and the walls of the 
hollow, and which covers said hole. 

8. The variable-focus lens of claim 6, characterized in 
that: 

the electrode (10) is a sheet metal, 
the flared hollow (6) is a truncated cone formed by 20 

machining said sheet metal, centered on an axis (0) 
perpendicular to the first Surface, and the bottom of 
which is pierced with a centered hole (11), and 

the isolating material wall (4) is a transparent plastic film 
flattened against the electrode and the walls of the 
hollow, and which covers said hole. 

9. A method for centering a liquid drop at a given location 
of a Surface, comprising the Steps of forming at this location 
a drop containment cavity Surface Such that, at any point 
(CP1) of the contact limit between the drop and the drop 
containment cavity Surface, Said Surface has a curvature 
Smaller than or opposite to that of a circle (TC) tangent to the 
drop containment cavity Surface at Said point and at a 
symmetrical point (CP2) of this surface. 

10. A method as claimed in claim 9, wherein the drop 
containment cavity Surface is rotationally Symmetric. 

11. A variable-focus lens, comprising: 
a drop of a first insulating liquid arranged in a drop 

containment cavity having a Sidewall with a first Sur 
face, 

a Second conductive liquid covering the first drop, the first 
and Second liquids being non-miscible, having different 
optical indexes and Substantially the same density, and 

an electric Voltage Source Selectively connectable 
between the conductive liquid and an electrode 
arranged on a Second Surface of Said Sidewall, 

wherein the configuration of the Sidewall is Such that, at 
any point (CP1) of a contact limit between the drop and 
the drop containment cavity first Surface, Said Surface 
has a curvature Smaller than or opposite to that of a 
circle (TC) tangent to the drop containment cavity first 
Surface at Said point and at a Symmetrical point (CP2) 
of this Surface. 


