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(57) ABSTRACT 

A ?uid processing device adapted to produce different 
oligomers in a plurality of respective reaction sites and 
methods of using the same are provided. The ?uid process 
ing device can comprise a ?rst manifold for delivering 
reactants to the plurality of reaction sites, and a second 
manifold for removing Waste from, and optionally deliver 
ing Wash ?uid to, the plurality of reaction sites. Surface 
tension controlled valves can be disposed in ?uid commu 
nication With the ?rst manifold, the second manifold, or 
both, and can selectively alloW reactants and/or ?uids into 
the reaction sites. A method of making oligonucleotides is 
also provided. 
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FLUID PROCESSING DEVICE COMPRISING 
SURFACE TENSION CONTROLLED VALVE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 11/092,180 ?led on Mar. 29, 
2005, and claims the bene?t under 35 U.S.C. § 119(e) of 
Provisional Application No. 60/642,828 ?led on Jan. 11, 
2005, each of Which is incorporated herein by reference in 
its entirety. 

FIELD 

[0002] The present teachings relate to valves in ?uid 
processing devices, and methods for using the same. 

INTRODUCTION 

[0003] One of the challenges encountered in ?uid process 
ing devices, particularly devices designed for high through 
put operations, is hoW to effectively control ?uid ?oW. A 
need exists to individually and independently control ?uid 
?oW in thousands of micro-channels Without resorting to the 
fabrication of sophisticated valving systems that can make 
micro?uidic devices very expensive. 

SUMMARY 

[0004] According to various embodiments, a device and 
method for controlling ?uid ?oW in a micro?uidic system is 
provided. In some embodiments, a surface tension con 
trolled valving system for biological ?uid is provided that 
can comprise a channel connected to an internal volume. 
The internal volume can be bound by an insulating layer 
resistant to the ?oW of the biological liquid, Wherein the 
channel can be non-resistant to the ?oW of the biological 
liquid. A photoconductive material can be coupled to the 
insulating layer. An electrode can be coupled to the photo 
conductive material and can be con?gured to electrically 
couple With the insulating layer through the photoconductive 
material. A poWer source can be electrically coupled to the 
electrode. The poWer source can be con?gured to provide an 
electrical potential difference betWeen the photoconductive 
material and the biological ?uid. The photoconductive mate 
rial can be activatable by light directed thereat, to provide an 
electrical potential difference betWeen the insulating layer 
and the biological ?uid. The electrical potential difference 
can be con?gured to reduce the resistance, of the insulating 
layer, to the ?oW of the biological liquid. 

[0005] According to various embodiments, a device for 
biological ?uid handling is provided that can comprise a 
valve con?gured for light activation. The device can com 
prise a channel connected to an internal volume. The internal 
volume can be bound by an insulating layer resistant to the 
?oW of the biological liquid, Wherein the channel can be 
non-resistant to the ?oW of the biological liquid. A photo 
conductive material can be coupled to the insulating layer. 
An electrode can be coupled to the photoconductive material 
and con?gured to electrically couple With the insulating 
layer through the photoconductive material. A poWer source 
can be electrically coupled to the electrode. The poWer 
source can be con?gured to provide an electrical potential 
difference betWeen the photoconductive material and the 
biological ?uid. A light source can be adapted to activate the 
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photoconductive material thereby providing the electrical 
potential difference betWeen the insulating layer and the 
biological ?uid. The electrical potential difference can be 
con?gured to reduce the resistance of the insulating layer to 
the ?oW of the biological liquid. 

[0006] According to various embodiments, a device for 
biological ?uid handling is provided that can comprise 
means for providing the biological ?uid to a valving means. 
The means for providing the biological ?uid can be non 
resistant to the ?oW of the biological liquid. The valving 
means can be resistant to the ?oW of the biological liquid. 
The device can comprise a means for electroWetting the 
valving means to reduce the resistance of the valving means 
to the ?oW of the biological liquid. The device can comprise 
a means for optically activating the means for electroWet 
ting. 

[0007] According to various embodiments, a ?uid pro 
cessing device is provided that can comprise a plurality of 
reaction sites. The ?uid processing device can comprise a 
?rst ?uid transport manifold in ?uid communication With 
each of the plurality of reaction sites. The ?uid processing 
device can comprise a second ?uid transport manifold in 
?uid communication With each of the plurality of reaction 
sites. The ?uid processing device can comprise a plurality of 
surface tension controlled valves disposed betWeen the ?rst 
manifold and at least one respective reaction site of the 
plurality of reaction sites. Each surface tension controlled 
valve can be in ?uid communication With the ?rst manifold 
and the at least one respective reaction site. 

[0008] According to various embodiments, a method is 
provided for synthesiZing oligonucleotides or other chemi 
cal structures, from component building blocks, the method 
can comprise introducing a ?rst monomer into a ?rst ?uid 
distribution manifold of a ?uid processing device, opening 
at least one surface tension control valve in ?uid commu 
nication With both the ?rst ?uid distribution manifold and at 
least one respective reaction site, to form an open surface 
tension control valve; moving the ?rst monomer from the 
?rst manifold, through the at least one open surface tension 
control valve, and into the at least one respective reaction 
site, and attaching the ?rst monomer to a ?rst structure in the 
at least one respective reaction site to form an extended 
structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Various embodiments of the present teachings are 
exempli?ed by the accompanying draWings Which are incor 
porated in and constitute a part of this speci?cation. The 
teachings are not limited to the embodiments depicted, and 
can include equivalent structures and methods as set forth in 
the folloWing description and as Would be knoWn or recog 
niZed by those of ordinary skill in the art given the present 
teachings. In the draWings: 

[0010] FIG. 1 is a cross-sectional vieW ofa channel and 
illustrates connecting tWo reservoirs; 

[0011] FIGS. 2A and 2B are cross-sectional vieWs illus 
trating the functioning of surface tension controlled valves; 

[0012] FIG. 3 is a side vieW of a surface tension controlled 
valve and illustrates movement of a liquid by electroWetting 
and illustrating in phantom the effect that actuation of a 
surface tension control valve can have on the shape of a drop 
of Water; 
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[0013] FIG. 4A illustrates a surface tension controlled 
valve closed to the ?oW of a liquid; 

[0014] FIG. 4B illustrates a surface tension controlled 
valve permitting the ?oW of a liquid; 

[0015] FIG. 5A-5C illustrates movement of a liquid by 
opto-electroWetting. The ?gure illustrates in phantom the 
effect that actuation of a surface tension control valve can 
have on the shape of a drop of Water; 

[0016] FIG. 6A-6C illustrates moving a liquid through a 
channel via opto-electroWetting; 

[0017] FIG. 7A-7D are cross-sectional vieWs illustrating 
the operation of a light-activated surface tension controlled 
valve; 
[0018] FIG. 8A is a cross-sectional vieW through a portion 
of a device according to various embodiments and shoWing 
a light-activated surface tension control valve in a closed 

state; 

[0019] FIG. 8B is the same cross-sectional vieW as shoWn 
in FIG. 8A, but Wherein the light-activated surface tension 
control valve is in an open state; 

[0020] FIG. 8C is the same cross-sectional vieW as shoWn 
in FIG. 8A, but Wherein the light-activated surface tension 
control valve is in an open state and liquid has passed 
through the valve; 

[0021] FIG. 8D is the same cross-sectional vieW as shoWn 
in FIG. 8A, but Wherein the valve is in a closed state after 
liquid has passed through the valve; 

[0022] FIG. 9 is a top plan vieW of a portion of a ?uid 
processing device according to various embodiments; 

[0023] FIG. 10 is a top plan close-up vieW ofa portion of 
a ?uid processing device according to various embodiments; 

[0024] FIG. 11 is a perspective vieW of a system for 
processing a ?uid processing device according to various 
embodiments; 

[0025] FIG. 12 is a perspective vieW of a system for 
processing a ?uid processing device according to various 
embodiments; and 

[0026] FIG. 13 is a perspective vieW of yet another system 
for processing a ?uid processing device according to various 
embodiments. 

[0027] It is to be understood that both the foregoing 
general description, ?gures, and the folloWing detailed 
description are exemplary and explanatory only. 

DESCRIPTION OF VARIOUS EMBODIMENTS 

[0028] Reference Will noW be made to various exemplary 
embodiments, examples of Which are illustrated in the 
accompanying draWings. Wherever possible, the same ref 
erence numbers are used in the draWings and the description 
to refer to the same or like parts. 

[0029] For the purposes of this speci?cation and appended 
claims, unless otherWise indicated, all numbers expressing 
quantities, percentages or proportions, and other numerical 
values used in the speci?cation and claims, are to be 
understood as being modi?ed in all instances by the term 
“about.” Accordingly, unless indicated to the contrary, the 

Jul. 27, 2006 

numerical parameters set forth in the folloWing speci?cation 
and attached claims are approximations that may vary 
depending upon the desired properties sought to be obtained 
by the present invention. At the very least each numerical 
parameter should at least be construed in light of the number 
of reported signi?cant digits and by applying ordinary 
rounding techniques. 
[0030] Notwithstanding that the numerical ranges and 
parameters setting forth the broad scope of the invention are 
approximations, the numerical values set forth in the speci?c 
examples are reported as precisely as possible. Any numeri 
cal value, hoWever, can inherently contain certain errors 
necessarily resulting from the standard deviation found in 
their respective testing measurements. Moreover, all ranges 
disclosed herein are to be understood to encompass any and 
all subranges subsumed therein. For example, a range of 
“less than 10” includes any and all subranges betWeen (and 
including) the minimum value of Zero and the maximum 
value of 10, that is, any and all subranges having a minimum 
value of equal to or greater than Zero and a maximum value 
of equal to or less than 10, e.g., l to 5. 

[0031] It is noted that, as used in this speci?cation and the 
appended claims, the singular forms “a,”“an,” and “the” can 
include plural referents unless expressly and unequivocally 
limited to one referent. Thus, for example, reference to “a 
channel species” can include tWo or more different channels. 
As used herein, the term “include” and its grammatical 
variants are intended to be non-limiting, such that recitation 
of items in a list is not to the exclusion of other like items 
that can be substituted or added to the listed items. 

[0032] According to various embodiments, surface ten 
sion controlled valves can be operable With any biological 
liquid that can be manipulated by electroWetting forces. The 
term “biological liquid” as used herein refers to liquid With 
biomolecules, for example nucleic acids, peptides, enzymes, 
cells, etc. Biological liquids that are electrolytic can be used 
in the surface tension controlled valves according the 
present teachings. The term “electrolytic” can refer to a 
liquid containing substances dissolved therein, such as ionic 
salts, that can enable the liquid to conduct an electric current. 
By Way of non-limiting example, biological liquids that can 
be used in the surface tension controlled valves according to 
the present teachings can include aqueous liquids, such as 
Water and buffered saline, as Well as non-aqueous ?uids such 
as dimethylsulfoxide and other non-aqueous solvents. The 
biological liquids can include ionic liquids that can be used 
in surface tension controlled valves. 

[0033] The term “ionic liquids” as used herein refers to 
salts that are liquid over a Wide temperature range, including 
room temperature. The biological liquid can include various 
substances, particulate and otherWise. Such substances can 
include, for example, surfactants, including anionic, non 
ionic, cationic, and amphoteric surfactants. The composition 
of the liquid, including the presence of surfactants, biomol 
ecules, and other substances, can in?uence the surface 
Wetting, and thus the contact angle, of the liquid. 

[0034] The term “re?ective material” as used herein refers 
to any material that can re?ect a predetermined Wavelength 
of light. Re?ective materials can be a coating, a distinct 
layer, or a various components described herein can them 
selves act as a re?ective materials. Some exemplary re?ec 
tive materials comprise, for example, insulators, such as 
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SiO2, TiN, SiON; semiconductor materials, such as silicon, 
germanium, silicon germanium, and compound semicon 
ductors; polymers, such as Te?on®, Te?on® AF; an 
organic-inorganic hybrid material as disclosed above, or any 
other re?ective material that Will be knoWn to one of 
ordinary skill in the art. 

[0035] The term “device” as used herein refers to a device 
that can be used in any number of biological processes 
involving micro?uidics, e. g. microscale amounts, of ?uid or 
larger scale. Generally, micro?uidics can involve handling 
volumes of one microliter or less. Features contained in 
micro?uidic devices typically have millimeter to submi 
crometer dimensions, and can be adapted to the speci?c use 
of the micro?uidic device. 

[0036] The term “contact angle” as used herein describes 
the angle formed as a result of contact betWeen a ?uid and 
a solid surface. It re?ects the interfacial a?inity betWeen the 
?uid and the solid surface, i.e., the Wettability of the surface 
With respect to the ?uid. The contact angle 6) is inversely 
correlated With interfacial a?inity. When the ?uid is in direct 
contact With the solid surface, the contact angle is at least 0° 
but less than 180°. A contact angle of 180° or greater 
indicates that the ?uid is not in direct contact With the solid 
surface. In such a case, the ?uid may directly contact the 
surface through an interposing ?uid, or may be levitated 
from the solid surface. By Way of illustration, a highly 
hydrophilic surface can form a loW angle, e.g., 10, With 
respect to Water droplets. Similarly, a highly hydrophobic 
surface can form a high contact angle, such as 179°, With 
respect to Water. 

[0037] According to various embodiments, a surface ten 
sion controlled valving system for biological ?uid is pro 
vided that can comprise a channel connected to an internal 
volume for the valving system, the internal volume can be 
bound by an insulating layer resistant to the ?oW of the 
biological liquid and the channel cannot be resistant to the 
?oW of the biological liquid. In various embodiments, the 
biological liquid can be an electrolyte. 

[0038] According to various embodiments, a photocon 
ductive material can be coupled to the insulating layer, an 
electrode can be coupled to the photoconductive material 
and con?gured to electrically couple With the insulating 
layer through the photoconductive material, and a poWer 
source can be electrically coupled to the electrode. In 
various embodiments, the poWer source can be con?gured to 
provide an electrical potential difference betWeen the pho 
toconductive material and the biological ?uid, Wherein the 
photoconductive material is activatable by directed light. 
The photoconductive material can provide an electrical 
potential difference betWeen the insulating layer and the 
biological ?uid. 
[0039] According to various embodiments, the system can 
comprise a conductive layer betWeen the insulating layer 
and the photoconductive material. An insulating material 
can be hydrophobic and can be resistant to the ?oW of a 
biological liquid. The resistance of insulating material to the 
?oW of the biological liquid can also be loWered by using an 
insulating material that is hydrophilic When activated. 

[0040] According to various embodiments, the channel 
can be connected to a ?rst reservoir. A valve can control the 
?oW of the biological liquid from the ?rst reservoir to a 
second reservoir. The reservoir can comprise Wells or chan 
nels. 
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[0041] According to various embodiments, a ?uid pro 
cessing device for biological ?uid handling, is provided that 
can comprise a valve con?gured for light activation, a 
channel connected to an internal volume of the valve, 
Wherein the internal volume can be bound by an insulating 
layer resistant to the ?oW of the biological liquid. In various 
embodiments, the device can comprise a channel that may 
not be resistant to the ?oW of the biological liquid, a 
photoconductive material electrically coupled to the insu 
lating layer, an electrode coupled to the photoconductive 
material and con?gured to electrically couple With the 
insulating layer through the photoconductive material, and a 
poWer source electrically coupled to the electrode. In various 
embodiments, the poWer source can be electrically coupled 
to the photoconductive material and can be con?gured to 
provide an electrical potential difference across the insulat 
ing material. In various embodiments, a light source can be 
con?gured to activate the photoconductive material thereby 
providing the electrical potential difference across the insu 
lating layer, Wherein the electrical potential difference can 
be con?gured to reduce the resistance of the insulating layer 
to the ?oW of the biological liquid. 

[0042] According to various embodiments, the light 
source can be a collimated light source. The collimated light 
source can comprise lasers, lamps, and/or light emitting 
diodes. In various embodiments, the light source can be 
directed over a portion of the photoconductive material by 
an array of microfabricated mirrors. In other embodiments, 
the light source can be a laser beam, and the laser beam can 
be directed over a portion of the photoconductive material 
by a galvo-mirror. 

[0043] According to various embodiments, the light 
source can be con?gured to direct a beam of light through 
the insulating layer and through the biological liquid to 
reach the photoconductive material. The light source can be 
con?gured to direct a beam of light to the photoconductive 
material substantially axially. 

[0044] According to various embodiments, the channel of 
the device can be con?gured to provide a Waveguide for the 
light. In various embodiments, the Walls of the channel can 
be the Waveguide. In other embodiments, the channel can be 
the Waveguide. 

[0045] According to various embodiments, a ?uid pro 
cessing device for biological ?uid handling is provided that 
can comprise a means for providing the biological ?uid to a 
valving means. The means for providing the biological ?uid 
can alloW the ?oW of the biological liquid. The ?uid 
processing device can comprise a valving means that can be 
resistant to the ?oW of the biological liquid. The ?uid 
processing device can comprise a means for electroWetting 
the valving means to reduce the resistance of the valving 
means to the ?oW of the biological liquid. The ?uid pro 
cessing device and means for optically activating the means 
for electroWetting. In various embodiments, the means for 
optically activating can comprise a means for selectively 
positioning light onto a portion of the valving means. 

[0046] According to various embodiments, a ?uid pro 
cessing device is provided that can comprise a plurality of 
reaction sites, a ?rst ?uid transport manifold in ?uid com 
munication With each of the plurality of the reaction sites, a 
second ?uid transport manifold in ?uid communication With 
each of the plurality of sites, a plurality of surface tension 
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controlled valves, or a combination thereof. In various 
embodiments, at least one of the plurality of surface tension 
controlled valves can be disposed betWeen the ?rst manifold 
and at least one respective reaction site of the plurality of 
reaction sites. Each surface tension controlled valve can be 
in ?uid communication With the ?rst manifold and the at 
least one respective reaction site. In various other embodi 
ments, at least one of the plurality of surface tension 
controlled valves can comprise a light-actuated valve. In 
various embodiments, the system can comprise a plurality of 
respective different sources of nucleic acid base. The system 
can comprise a loading device for individually loading the 
different nucleic acid bases from the plurality of respective 
different sources into the ?rst manifold. 

[0047] According to various embodiments, the ?rst mani 
fold can comprise one or more nucleic acid bases selected 
from adenine, cytosine, guanine, thymine, and uracil. In 
various embodiments, the ?uid device can comprise a dim 
ethyltrityl-protected phosphoramidite nucleotide monomer 
disposed in the ?rst manifold. 

[0048] According to various embodiments, the ?uid pro 
cessing device can comprise a planar substrate. The ?rst 
manifold, the second manifold, and the plurality of reaction 
sites can be formed in the substrate. 

[0049] According to various embodiments, at least one of 
the plurality of surface tension controlled valves can com 
prise an electrically-actuated or electrically-activated valve. 
In other embodiments, at least one of the plurality of surface 
tension controlled valves can comprise a temperature-actu 
ated valve. In various embodiments, the ?uid processing 
device can comprise a ?uid communication directly betWeen 
tWo adjacent reaction sites of the plurality of reaction sites. 

[0050] According to various embodiments, a system is 
provided that can comprise a ?uid processing device that can 
comprise a plurality of reaction sites. The ?uid processing 
device can comprise a ?rst ?uid transport manifold in ?uid 
communication With each of the plurality of the reaction 
sites. The ?uid processing device can comprise a second 
?uid transport manifold in ?uid communication With each of 
the plurality of sites. The ?uid processing device can com 
prise a plurality of surface tension controlled valves. In 
various embodiments, at least one of the plurality of surface 
tension controlled valves can be disposed betWeen the ?rst 
manifold and at least one respective reaction site of the 
plurality of reaction sites. Each surface tension controlled 
valve can be in ?uid communication With the ?rst manifold 
and the at least one respective reaction site. 

[0051] According to various embodiments, the system can 
comprise a pressure differential source in ?uid communica 
tion With one or more of the ?rst manifold and the second 
manifold. 

[0052] According to various embodiments, the system can 
comprise an electromagnetic radiation source. The electro 
magnetic source can be adapted to emit electromagnetic 
radiation toWard one or more of the plurality of surface 
tension controlled valves. The electromagnetic radiation 
source can comprise a laser. In various embodiments, the 
system can comprise a re?ective device adapted to re?ect 
electromagnetic radiation emitted from the electromagnetic 
radiation source toWard one or more of the plurality of 
surface tension controlled valves. The re?ective device can 
comprise a plurality of individually moveable mirrors. 
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[0053] According to various embodiments, the system can 
comprise a control unit operatively connected to the elec 
tromagnetic radiation source. The control unit can be 
adapted to control the electromagnetic radiation source. In 
various embodiments, the system can comprise at least one 
focusing lens disposed along an emission beam path 
betWeen the electromagnetic radiation source and at least 
one of the plurality of surface tension controlled valves. 

[0054] According to various embodiments, the ?uid pro 
cessing device can comprise at least one ?uid communica 
tion betWeen at least tWo of the plurality of reaction sites, 
and the at least one ?uid communication bypasses the ?rst 
and second manifolds. In various embodiments, the system 
can comprise a thermal cycling block adapted to hold the 
?uid processing device such that at least one of the plurality 
of reaction sites is in heat-transfer communication With the 
thermal cycling block. In various other embodiments, the 
system can comprise a rotatable platen comprising a top 
surface, and a holder adapted to hold the ?uid processing 
device in or on the top surface. 

[0055] According to various embodiments, the system can 
comprise a pump adapted to connect to the ?rst manifold and 
force liquid into the ?rst manifold. 

[0056] According to various embodiments, the system can 
comprise a ?uid processing device comprising a heater in 
heat-transfer communication With a temperature-actuated 
valve. The heater can comprise a control unit operatively 
connected to it and adapted to control the heater. The ?uid 
processing device can comprise at least one of a plurality of 
surface tension control valves and an electricity source. The 
electricity source can be electrically connected to the elec 
trically-actuated valve. 

[0057] According to various embodiments, a ?uid pro 
cessing device is provided that can include a plurality of 
reaction sites, a ?rst manifold in ?uid communication With 
each of the reaction sites, a second manifold in ?uid com 
munication With each of the reaction sites, and at least one 
surface tension controlled valve positioned in at least one 
channel betWeen the ?rst manifold and at least one of the 
reaction sites. The reaction sites can each comprise support 
structures, for example beads, or an inner surface suitable 
for the attachment of oligomers or oligomer precursors 
thereto. According to various embodiments, the ?uid pro 
cessing device can comprise a plurality of surface tension 
controlled valves each in ?uid communication With the ?rst 
manifold and one or more of the reaction sites. 

[0058] According to various embodiments, the ?uid pro 
cessing device can comprise reactants and/or reaction com 
ponents capable of producing an oligomer in at least one of 
the reaction sites, or a system that includes sources of 
reactants and/or reaction components. 

[0059] According to various embodiments, a system is 
provided that can comprise a ?uid processing device as 
described herein, and an electromagnetic radiation source 
capable of emitting electromagnetic radiation and directing 
the radiation toWard one or more surface tension controlled 
valves in the device. Alternatively or additionally, the sys 
tem can comprise other valve-actuating devices besides an 
electromagnetic radiation source. Exemplary actuators can 
comprise heaters adapted to direct heat toWard one or more 
surface tension controlled valves, or an electrical source 
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adapted to supply an electrical signal to one or more surface 
tension controlled valves. By controlling the one or more 
surface tension controlled valves, the systems described 
herein can be used in directing the ?oW of reaction compo 
nents in an order useful for carrying out an oligonucleotide 
synthesis reaction Within one or more of the plurality of 
reaction sites. 

[0060] According to various embodiments, a system is 
provided that can comprise an electromagnetic radiation 
source or other actuating or activating source, a re?ective 
device, a pump, and a thermocycler. The system can be 
adapted so that the re?ective device can direct electromag 
netic radiation emitted from the electromagnetic radiation 
source toWard the one or more surface tension controlled 

valves to selectively open or close the respective one or 
more surface tension controlled valves. The pump can be 
adapted to add or remove materials from the channels and 
reaction sites. The thermocycler can be adapted to control 
the temperature of the reaction sites, for example, to pro 
mote an isothermal or thermally cycled nucleic acid 
sequence ampli?cation and/or detection assay. The system 
can comprise one or more control units to control the 

actuating source, to control the re?ective device, to control 
the pump, and/ or to control the thermocycler. 

[0061] According to various embodiments, a method is 
provided that can comprise introducing a ?rst monomer into 
a ?rst ?uid distribution manifold of a ?uid processing 
device, opening at least one surface tension controlled valve 
in ?uid communication With both the ?rst ?uid distribution 
manifold and at least one respective reaction site to form an 
open surface tension controlled valve, moving the ?rst 
monomer from the ?rst manifold through the at least one 
open surface tension controlled valve and into the at least 
one respective reaction site, and attaching the ?rst monomer 
to a ?rst structure in the at least one respective reaction site 
to form an extended structure, or a combination thereof. 

[0062] According to various embodiments, the opening of 
at least one surface tension controlled valve can comprise 
directing electromagnetic radiation, or re?ecting electro 
magnetic radiation emitted from an electromagnetic radia 
tion source, toWard the at least one surface tension con 
trolled valve. The re?ecting can comprise individually 
controlling movement of a plurality of mirrors. 

[0063] According to various embodiments, the method 
can provide a ?rst protected monomer, and a protected 
extended structure, and the method can comprise Washing 
the at least one respective reaction site subsequent to the 
attaching, closing the at least one surface tension controlled 
valve, introducing a deprotecting agent into the ?rst mani 
fold, opening the at least one surface tension controlled 
valve to form at least one reopened surface tension con 
trolled valve, moving the deprotecting agent from the ?rst 
manifold, through the at least one reopened surface tension 
controlled valve and into the at least one respective reaction 
site, deprotecting the protected extended structure to form a 
deprotected extended structure, or a combination thereof. 

[0064] According to various embodiments, the method 
can comprise introducing a Wash reagent into a second 
manifold in ?uid communication With the at least one 
respective reaction site, moving the Wash reagent from the 
second manifold into the at least one respective reaction site, 
and removing the Wash reagent from the at least one 
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respective reaction site to form a Washed and deprotected 
extended structure. According to various embodiments, the 
extended structure can comprise a dimethyltrityl-protected 
phosphoramidite monomer. 

[0065] According to various embodiments, in the method 
the ?rst structure can be supported by a support. The method 
can further comprise cleaving the extended structure from 
the support to form a cleaved structure. In various embodi 
ments, the cleaved structure can be moved from the at least 
one respective reaction site into a second reaction site that is 
in ?uid communication With the at least one respective 
reaction site. 

[0066] According to various embodiments, a method is 
provided for synthesizing oligonucleotides or other chemi 
cal structures, from component building blocks. The method 
can comprise, for example, introducing a ?rst monomer into 
a ?rst ?uid distribution manifold of a ?uid processing 
device; opening at least one surface tension controlled valve 
in ?uid communication With both the ?rst ?uid distribution 
manifold and at least one respective reaction site, to form an 
open surface tension controlled valve; moving the ?rst 
monomer from the ?rst manifold, through the at least one 
open surface tension controlled valve, and into the at least 
one respective reaction site; and attaching the ?rst monomer 
to a ?rst structure in the at least one respective reaction site 
to form an extended structure, or a combination thereof. The 
?rst monomer can be, for example, a nucleotide, a nucle 
otide base, a nucleotide analog, a protected chemical build 
ing block, or another monomeric building block, unit, or 
structure that can bond With and extend off of a support or 
precursor structure. The ?rst monomer can be a protected 
?rst monomer, for example, a protected ?rst nucleic acid 
monomer, and the extended structure can be a protected 
extended structure. The method can further comprise: Wash 
ing the at least one respective reaction site subsequent to the 
attaching; closing the at least one surface tension controlled 
valve; introducing a deprotecting agent into the ?rst mani 
fold; opening the at least one surface tension controlled 
valve to form at least one reopened surface tension con 
trolled valve; moving the deprotecting agent from the ?rst 
manifold, through the at least one reopened surface tension 
controlled valve, and into the at least one respective reaction 
site; deprotecting the extended protected structure to form a 
deprotected extended structure or a combination thereof. An 
additional monomer can then be added to the deprotected 
extended structure and the process can be repeated. The at 
least one surface tension controlled valve can comprise a 
plurality of surface tension controlled valves, and the at least 
one respective reaction site comprises a plurality of respec 
tive reaction sites. 

[0067] According to various embodiments, surface ten 
sion controlled valves can comprise channels. Channels can 
comprise any volume through Which a liquid can be trans 
ported. The channels can be made of glass, and can option 
ally be transparent, or at least partially transparent, When 
employed in light-actuated surface controlled tension 
valves. The channels can be constructed of any material 
suitable for containment of a given liquid, for example glass 
or a polymeric material. The channels can be of any dimen 
sion suitable for manipulating ?uids in a desired manner. For 
example, according to various embodiments, the length, 
Width and depth of the channels may range, independently, 
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from about 0.1 um to about 10 cm. The channels can range, 
for example, from about 10 pm to about 1 cm. 

[0068] According to various embodiments, surface ten 
sion controlled valves can comprise reservoirs. Reservoirs 
can include any space capable of containing a liquid and 
communicating With at least one channel. The reservoir can 
be constructed of any material capable of holding a liquid, 
for example, a glass or a polymer. The reservoir can be of 
any shape, for example it can be spherical, semi-spherical, 
or conical. The reservoir can be of any siZe sufficient to hold 
a desired volume of liquid. For example, the reservoir may 
range in siZe from about 1 nanoliter to about 1 liter. In 
various embodiments, the reservoir can be unassociated With 
an electrode, i.e., the liquid in the reservoir itself can be 
adapted to not manipulate a liquid by virtue of a signi?cant 
electrical potential difference being applied to that liquid. 

[0069] According to various embodiments, at least one 
portion of a surface of at least one channel can be coated 
With a material that it is chemically resistant to the How of 
liquid through the channel. Suitable non-limiting examples 
of such materials that can comprise polymer coatings (e.g., 
polyamides, polymethylacrylates and their copolymers), BN 
and SiN, deposited in accordance With any of the thin-?lm 
deposition techniques knoWn to those of ordinary skill in the 
art, and polymer ?lms such as, e.g., Te?onTM (trademark for 
polytetra?uoroethylene). 
[0070] According to various embodiments, at least one 
layer of insulation material can be formed above the elec 
trode. The surface tension controlled valve can have the 
insulation layer disposed betWeen the electrode and the 
internal volume making up the channel. In various embodi 
ments, the insulation layer can include at least one layer of 
silicon oxide and at least one layer of Te?onTM (trademark 
for polytetra?uoroethylene). The thicknesses of the tWo 
layers can be selected to provide the desired degree of 
insulation Without, in the case of a light-actuated surface 
tension controlled valve, overly impeding the transmission 
of light. 

[0071] According to various embodiments, electrodes can 
be made from any conductive material such as, for example, 
copper, gold, platinum, and conducting polymers, including 
polymers that are conducting per se, and conducting com 
posites containing a non-conducting polymer and a conduct 
ing material such as a metal or a conducting polymer. A 
single electrode can be used in the surface tension controlled 
valves disclosed herein, or multiple electrodes, for example, 
an array of electrodes, can be used. In various embodiments, 
the electrode can be transparent, for example, can be formed 
of transparent indium tin oxide. This can permit the passage 
of light in accordance With certain embodiments of the light 
actuated valve, and also can permit visual inspection of the 
operation of the valve. In various embodiments, for 
example, in the case of a light-actuated surface tension 
controlled valve, the electrode or array of electrodes can be 
in electrical contact With a photoconductive material. 

[0072] According to various embodiments, the photocon 
ductive material that can be used in the light actuated valves 
corresponds to a material With a dark conductivity ranging 
from 10'5 to 10'12 Q_l-cm_l. The photoconductive material 
can exhibit relatively loW conductivity When dark, and 
relatively high conductivity When illuminated by a light 
source. In various embodiments, an example of a suitable 
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photoconductive material can comprise amorphous silicon, 
Which has a dark conductivity of approximately 10-8 9-1 
cm_l. In various embodiments, light With a Wavelength 
ranging from 400 nm to 1100 nm can be used to illuminate 
at least portions of the amorphous silicon. The light intensity 
for activating the light actuated surface tension controlled 
valve can be loW. For example, a light intensity that can be 
suitable for sWitching amorphous silicon is 65 mW/cm2. The 
layer of photoconductive material can permit optical control 
of an electrical potential difference across a corresponding 
portion of the channel. 

[0073] According to various embodiments, the poWer 
source can be chosen from any source suitable for providing 
a sufficient electrical potential difference across a liquid in a 
channel. For example, the poWer source can be con?gured to 
provide an alternating voltage source. The voltage and 
frequency characteristics can be chosen according to the 
materials used in the surface tension controlled valve and/or 
a device in Which the valve is situated. The magnitude of the 
AC voltage source can vary according to the properties, for 
example, the thickness, of the materials used to construct the 
surface tension controlled valve. In various embodiments, 
the AC voltage source can supply an electrical potential 
difference ranging from 10 volts to several hundred volts, 
With a frequency ranging from 10 HZ to 500 kHZ. In various 
embodiments, the AC voltage source can be coupled to the 
surface tension controlled valve With only tWo leads. In 
other embodiments, the AC voltage source can be induc 
tively coupled such that no electrical leads are required. 

[0074] Exemplary circuits, voltage sources, potential dif 
ferences, voltages, and materials are described, for example, 
in Us. Pat. No. 6,958,132, to Chiou et al., issued Oct. 25, 
2005, and Us. Patent Application Publication No. 2003/ 
0224528 Al, published Dec. 4, 2003, Which are incorporated 
herein in their entireties by reference. 

[0075] According to various embodiments, the light actu 
ated surface tension controlled valves can employ a light 
source to illuminate the photoconductive material associated 
With the valve. The light source can be chosen based on any 
light capable of changing the conductive properties of the 
photoconductive material. Suitable light sources can com 
prise collimated light sources, and can be chosen from, for 
example, lamps, for example arc lamps, lasers, and light 
emitting diodes (LEDs). In various embodiments, the light 
source can comprise one or more light sources. For example, 
a surface tension controlled valve and/or a device containing 
a surface tension controlled valve can include a ?rst light 
source and a second light source. In various embodiments 
comprising more than one light source, the light sources can 
be chosen from any effective light source. The light source 
can be directed along at least one axis of the surface tension 
controlled valve by at least one mirror, for example, a 
computer-controlled array of microfabricated mirrors. In 
various embodiments, When the light source is a laser beam, 
the laser beam may be directed over the surface of the 
photoconductive material With a computer-controlled galvo 
mirror. 

[0076] According to various embodiments, the light from 
the light source can be directed to the photosensitive mate 
rial by the channel itself. The channel can provide a 
Waveguide to internally re?ect and propagate the light so 
that it reaches the photosensitive material. The Waveguide 
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can direct a beam of light to the photoconductive material 
substantially axially along the length of the channel. In 
various embodiments, the channel can be con?gured to 
provide a Waveguide for the light. In various embodiments, 
the Walls of the channel can provide the Waveguide by 
internally re?ecting and propagating the light Within the 
channel Wall. The channel Walls can be constructed of 
substantially transparent material With the outer surfaces of 
the transparent material coated With a re?ective material. In 
various embodiments, the channel itself can be the 
Waveguide by internally re?ecting and propagating the light 
Within the channel volume Whether ?lled or empty. The 
inner Walls of the channel can be coated With a re?ective 
material. 

[0077] According to various embodiments, the surface 
tension controlled valves disclosed herein can be used in a 
variety of applications. For example, the valves can be used 
to move one or more droplets or combine tWo or more 

droplets in a device used for biological synthesis, biological 
monitoring, or biological screening. In various embodi 
ments, the surface tension controlled valves disclosed herein 
can be used in microdevices designed for one or more of 

PCR, ligase chain reactions, antibody binding reaction, 
oligonucleotide ligations assays, and hybridization assays. 

[0078] According to various embodiments, individual 
?uid control in a ?uid processing device 5, for example a 
micro?uidic device, is provided With a surface tension 
controlled valve. Referring to FIG. 1, a surface tension 
controlled valve 25 can include channel 30, and a portion 20 
of the channel can initially be resistant to the ?oW of a liquid 
(e.g., is hydrophobic in the case of an aqueous liquid) from 
the internal volume of surface tension controlled valve 25. 
As illustrated in FIG. 1, a valve 25 can control ?uid ?oW 
through channel 30 betWeen reservoir 10 and reservoir 40. 
The surface tension of the liquid, in combination With the 
resistance of the surface of at least a portion of channel 30 
to the ?oW of the liquid, can prevent its ?oW from reservoir 
40 to reservoir 10. 

[0079] According to various embodiments, the surface 
tension controlled valve can comprise a channel or conduit. 
The channel or conduit can comprise an initially or normally 
hydrophobic surface. The surface tension controlled valve 
can be adapted to change the contact angle and Wetting of a 
liquid disposed therein With respect to the inner surface of 
channel 30. This change can trigger the movement of a 
liquid through channel 30. 

[0080] Surface tension controlled valves can exploit the 
fact that under certain circumstances the surface tension of 
the liquid can change, and that change in turn can trigger a 
movement of that liquid. Examples of such circumstances 
can include applied electric ?eld (electric ?eld), applied 
electric ?eld and light (opto-electroWetting), local increase 
in temperature, and the like. 

[0081] According to various embodiments, a ?uid pro 
cessing device can comprise a surface tension controlled 
valve disposed in a valve channel that is in ?uid commu 
nication With a supply channel and a reaction region. The 
surface tension controlled valve can comprise a channel With 
an initially or normally hydrophobic surface. The surface 
tension controlled valve can be adapted to change the 
contact angle and Wetting of a liquid disposed therein With 
respect to the inner surface of the valve channel. This change 
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can trigger the movement of a liquid through the valve 
channel. Examples of the mechanism that can be used to 
trigger the movement can include the application of an 
electric ?eld as With electroWetting, the application of an 
electric ?eld and light as With optoelectroWetting, the appli 
cation of a local increase in temperature, and the like. 

[0082] According to various embodiments, as illustrated 
in FIG. 2A, a portion of a ?uid processing device is shoWn 
comprising ?rst channel 40 separated from second channel 
30 by surface tension controlled valve 25. The pressure 
created by the surface tension in the surface tension con 
trolled valve 25 can be su?icient to prevent liquid 50, for 
example, an aqueous biological sample, from entering sec 
ond channel 30. If the pressure difference across the surface 
tension controlled valve exceeds a certain threshold pres 
sure, the resistance to the ?oW due to the hydrophobic 
properties of the valve can be overcome, and the liquid can 
?oW through the valve. Likewise, if the pressure of the 
sample liquid is maintained beloW the threshold pressure, 
the valve Will hold back the liquid sample and prevent ?oW 
into channel 30. According to various embodiments, by 
changing the surface tension of the valve from having a 
hydrophobic property to having a hydrophilic property, 
liquid movement through the valve can be regulated, even at 
pressure beloW the threshold pressure described above. 

[0083] According to various embodiments, if the surface 
of a channel is resistant to the ?oW of a liquid, for example, 
is hydrophobic, some additional force or pressure can be 
required to push the liquid through the hydrophobic part of 
the channel. With reference to FIG. 2A, this principle can be 
used in hydrophobic valves When, for instance, the ?rst 
liquid 50 under certain pressure P 1 can ?oW through channel 
40 but not channel 30 ?lled With second liquid 60 (the 
second liquid can include a gas or be a gas) under pressure 
P2 and separated by surface 20 that is resistant to the ?oW of 
the ?rst liquid (e.g., the surface is hydrophobic in the case 
of an aqueous ?rst liquid). If the pressure difference across 
the valve exceeds a certain threshold pressure, for example, 
oPTreshold (Where PThreShO1d=P 1—P2), the resistance of surface 
20 to the ?oW of ?rst liquid 1 can be overcome and the ?rst 
liquid can ?oW into the channel 30 (FIG. 2B). 

[0084] According to various embodiments, FIG. 2B can 
illustrate the same device as shoWn in FIG. 2A, hoWever, the 
surface tension of the surface tension controlled valve 25 has 
been changed to be made hydrophilic, thus enabling liquid 
60 to pass through the valve 25 and into the second conduit 
30. Changing the surface tension of the valve can be 
accomplished by a variety of mechanism as described 
herein. 

[0085] According to various embodiments, a number of 
techniques are provided that can make the pressure differ 
ence across the valve exceed a threshold pressure, thereby 
alloWing the passage of a liquid. One technique can use 
electric ?elds to effect ?uid movement by relying on the 
ability of electric ?elds to change the contact angle of the 
?uid on a surface that is initially resistant to the ?oW of a 
liquid. When an electric ?eld gradient is applied to a droplet 
on a ?uid-transporting surface, di?‘erent contact angles can 
be formed betWeen leading and receding surfaces of the 
droplet With respect to the ?uid transporting surface. This 
imbalance in surface tension forces can produce a net force 
that moves the droplet. For example, in the case of a polar 


















