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(57) ABSTRACT 

Amethod and apparatus is disclosed Wherein the movement 
of a droplet disposed on a nanostructured or microstructured 
surface is determined by at least one characteristic of the 
nanostructure feature pattern or at least one characteristic of 
the droplet. In one embodiment, the movement of the droplet 
is laterally determined by at least one characteristic of the 
nanostructure feature pattern such that the droplet moves in 
a desired direction along a nanostructured feature pattern. In 
another embodiment, the movement of the droplet is deter 
mined by either at least one characteristic of the nanostruc 
ture feature pattern or at least one characteristic of the 
droplet in a Way such that the droplet penetrates the feature 
pattern at a desired area and becomes substantially immo 
bile. 
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METHOD AND APPARATUS FOR CONTROLLING 
THE MOVEMENT OF A LIQUID ON A 

NANOSTRUCTURED OR MICROSTRUCTURED 
SURFACE 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the 
motion of liquids disposed on a surface With extremely 
small, predetermined surface features and, more particularly, 
to controlling the movement of a liquid on a surface With 
predetermined nanostructure or microstructure features 

BACKGROUND OF THE INVENTION 

[0002] Many bene?cial devices or structures in myriad 
applications are characteriZed at least in part by having a 
liquid that is in contact With at least one solid surface. For 
example, liquid droplets disposed on surfaces or Within 
channels are the hallmarks of many micro?uidic devices, 
biological/chemical sensors, chemical reactors, optical com 
ponents, heat dissipation devices, and patterning applica 
tions. Many of these devices and applications are charac 
teriZed in that liquid moves or is caused to be moved While 
in contact With a surface. Since the characteristics of both 
the liquid and the surface determine the interaction betWeen 
the liquid and surface, it is often desirable to understand and 
control those characteristics to achieve control of the inter 
action of the liquid With those surfaces. This is especially so 
When the application in question involves relatively small 
quantities of liquid. 

[0003] FIG. 1 shoWs one illustrative prior art embodiment 
of small liquid droplet 102 disposed on a surface in a Way 
such that it forms a liquid microlens 101. Such a liquid 
microlens is the subject of copending US. patent applica 
tions Ser. No. 09/884,605, ?led Jun. 19, 2001, entitled 
“Tunable Liquid Microlens” and Ser. No. 09/951,637, ?led 
Sep. 13, 2001, entitled “Tunable Liquid Microlens With 
Lubrication Assisted ElectroWetting.” Both of these copend 
ing Patent Applications are hereby incorporated by reference 
herein in their entirety. The microlens embodiment of FIG. 
1 is useful to demonstrate the interaction betWeen any 
droplet of liquid and the surface on Which it is disposed, 
Whether or not the droplet and surface are part of a microlens 
or another application. In FIG. 1, droplet 102 is a droplet of 
a transparent liquid, such as Water, typically (but not nec 
essarily) With a diameter from several micrometers to sev 
eral millimeters. The droplet is disposed on a transparent 
substrate 103 Which is typically hydrophobic or includes a 
hydrophobic coating. The contact angle 0 betWeen the 
droplet and the substrate is determined by interfacial surface 
tensions (also knoWn as interfacial energy) “y”, generally 
measured in milli-NeWtons per meter (mN/m). As used 
herein, V5” is the interfacial tension betWeen the substrate 
103 and the air, gas or other liquid that surround is the 
interfacial tension betWeen the droplet 102 and the air, gas 
or other liquid that surrounds the droplet, and YY_L is the 
interfacial tension betWeen the substrate 103 and the droplet 
102. The contact angle 0 may be determined from equation 
(1): 

COS e=(YS7V_YS7L)/YL*V Equation (1) 

[0004] Equation (1) applies to any instance Where a drop 
let of liquid is disposed on a surface, Whether or not the 
droplet is used as a microlens. 

Sep. 30, 2004 

[0005] In the microlens embodiment of FIG. 1 and in 
other instances Where a liquid is disposed on a surface, it is 
often desirable to be able to change the shape of the droplet. 
FIG. 2 shoWs a prior art microlens 201, similar to the 
microlens of FIG. 1, Whereby the phenomenon of elec 
troWetting is used to change the shape of the droplet by 
reversibly changing the contact angle 0 betWeen droplet 202 
of a conducting liquid and a dielectric insulating layer 203 
having a thickness “d” and a dielectric constant er. An 
electrode, such as metal electrode 204, is positioned beloW 
the dielectric layer 203 and is insulated from the droplet 202 
by that layer. The droplet 202 may be, for example, a Water 
droplet, and the dielectric insulating layer 203 may be, for 
example, a Te?on/Parylene surface. 

[0006] When no voltage difference is present betWeen the 
droplet 202 and the electrode 204, the droplet 202 maintains 
its shape de?ned by the volume of the droplet and contact 
angle 01, Where 01, is determined by the interfacial tensions 
y as explained above. When a voltage V is applied to the 
electrode 204, the voltage difference betWeen the electrode 
204 and the droplet 202 causes the droplet to spread. The 
dashed line 205 illustrates that the droplet 202 spreads 
equally across the layer 203 from its central position relative 
to the electrode 204. Speci?cally, the contact angle 0 
decreases from 01 to 02 When the voltage is applied betWeen 
the electrode 204 and the droplet 202. By using separate 
electrodes under different parts of the droplet, and varying 
the voltage to those individual electrodes, spreading of the 
droplet can be achieved such that the droplet moves from its 
centered position to another desired position. Such a move 
ment is described in the aforementioned copending ’605 and 
’637 patent applications. The voltage V necessary to achieve 
this spreading, Whether to change the shape of the droplet or 
its position, may range from several volts to several hundred 
volts. The amount of spreading, i.e., as determined by the 
difference betWeen 01 and 02, is a function of the applied 
voltage V. The contact angle 02 can be determined from 
equation (4): 

[0007] Where cos 0 (V=0) is the contact angle betWeen the 
insulating layer 203 and the droplet 202 When no voltage is 
applied betWeen the droplet 202 and electrode 204; ybv is 
the droplet interfacial tension described above; eI is the 
dielectriclzconstant of the insulating layer 203; and so is 
885x10 F/M—the permittivity of a vacuum. 

[0008] In implementations such as the liquid microlens 
described above, While the surface upon Which the droplet is 
disposed is hydrophobic, the characteristics of that surface 
are such that the droplet ?attens signi?cantly at the area 
Where it comes into contact With the surface. Thus, due to the 
resulting large contact area betWeen the surface and the 
droplet, a signi?cant amount of How resistance is present 
betWeen the surface and the droplet. This is desirable in the 
above microlens because, if there Were too little ?oW resis 
tance present, the droplet Would freely move and it Would 
become impossible to maintain the droplet in its desired 
stationary position or shape in the absence of other means 
for controlling the droplet. HoWever, in many instances, it is 
often desirable to reduce the How resistance experienced by 
a liquid on a surface. 

Equation (4) 

[0009] Therefore, recent applications relying on liquids 
disposed on such surfaces have centered on attempts to 
















