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(57) ABSTRACT

A fluidic device for performing assays can include control
components such as vacuum pumps, gas pumps, “broken
open valves,” and “self-close valves” for controlling the flow
of fluids in the fluidic device. The vacuum pump can be used
to pull a fluid in a specific direction in a channel, and the gas
pump can be used to push a fluid in a specific direction in a
channel. The broken open valve can be used to connect two
separate regions at the control of a user, and the self-close
valve can be used to automatically seal off a channel after
passage of a fluid. The vacuum pumps, gas pumps, broken
open valves, and self close valves can be made small in
volume so that the fluidic device can be made as a small and
portable device.
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FLUIDIC DEVICES AND CONTROLLING
METHODS THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation-in-part application of patent
application Ser. Nos. 11/612,869, 11/612,882, 11/612,896,
all filed on Dec. 19, 2006, and all of which claim the benefit
of U.S. Provisional Application No. 60/831,285, filed on Jul.
17, 2006. The application also claim the priority benefit of
Taiwan patent application serial no. 96125027, filed on Jul.
10,2007. The entirety of each of the above-mentioned patent
applications is hereby incorporated by reference herein and
made a part of this specification.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The description relates to fluidic devices and con-
trolling methods thereof.

[0004] 2. Description of Related Art

[0005] Many types of testing devices can be used in detect-
ing the presence of compounds or analyzing bio-chemical
reactions. For example, lateral flow assays can be performed
using a lateral flow membrane having one or more test lines
along its length. A fluid with dissolved reagents travels from
one end of the membrane to the test lines by electro osmosis.
A reader detects whether reaction occurred at the test lines,
which indicate the presence or absence of certain particles in
the reagents. As another example, a device with an array of
micro capillaries can be used to control the flow of fluids in
immunoassay processes. Reagents are positioned at various
locations along the lengths of the micro capillaries so that as
fluids flow in the micro capillaries due to capillary force, the
fluids come into contact with the reagents. A reader monitors
the sites where the reagents are located to determine whether
reactions have occurred. As yet another example, micro flu-
idic chips can be used to perform assays by controlling the
flow of fluids through various channels and chambers. The
micro fluidic chips are used with an external power supply
and/or pump that provide the driving force for moving the
fluids.

SUMMARY OF THE INVENTION

[0006] A fluidic device for performing assays can include
control components such as vacuum pumps, gas pumps, “bro-
ken open valves,” and “self-close valves” for controlling the
flow of fluids in the fluidic device.

[0007] The vacuum pump can be used to pull a fluid in a
specific direction in a channel, and the gas pump can be used
to push a fluid in a specific direction in a channel.

[0008] The broken open valve can be used to connect two
separate regions at the control of a user, and the self-close
valve can be used to automatically seal off a channel after
passage of a fluid.

[0009] The vacuum pumps, gas pumps, broken open
valves, and self close valves can be made small so that the
fluidic device can be made small and portable.

[0010] The present invention provides a method for con-
trolling a flow of a fluid in a channel. The method comprises
breaking a first container to generate a pressure difference in
the channel so as to cause the fluid to move in the channel, and
the first container is made of a brittle material. The first
container (a) defines a space within the first container having

Jul. 17,2008

a gas pressure that is different from the gas pressure outside of
the first container, or (b) includes a first material that is sepa-
rated from a second material prior to the breaking of the first
container, the first and second materials selected to generate
gas upon interaction of the first and second materials.

[0011] The present invention provides a fluidic device,
including a channel and a first container. When the first con-
tainer is broken, a pressure difference is generated in the
channel. The first container is made of a brittle material. The
first container (a) defines a space within the first container
having a gas pressure that is different from the gas pressure
outside of the first container, or (b) includes a first material
that is separated from a second material prior to the breaking
of the first container, the first and second materials are
selected to generate gas upon interaction of the first and
second materials.

[0012] The present invention provides a fluidic device,
which comprises a first material defining a first region and a
second material defining a second region that is separated
from the first region. The fluidic device further comprises a
connector coupled between the first region and the second
region, and the connector comprises a brittle material and has
an open end and a closed end. The open end is disposed in the
second region and the closed end is disposed in the first
region. The first region is closed off from the second region by
the closed end of the connector. The connector is configured
so that when the closed end of the connector is broken, the
connector defines a passage from the first region to the second
region.

[0013] The present invention provides a fluidic device,
which comprises a channel having an expanded section with
adiameter larger than that of adjacent portions of the channel,
and the fluidic device further comprises a material disposed in
the expanded section. The material has a volume that does not
block a passage of a fluid prior to absorption of the fluid.
Wherein, the material expands in volume upon absorption of
a portion of the fluid so that, after expansion, the material
blocks passage of additional fluid through the channel. The
material comprises superabsorbent polymers.

[0014] The present invention provides a fluidic device,
which comprises a first reservoir containing a first fluid, a
second reservoir containing a second fluid, a main channel, a
first branch channel, a second branch channel, a first one-use
pump, and a second one-use pump. The first branch channel
couples the first reservoir to the main channel. The second
branch channel couples the second reservoir to the main
channel. The first one-use pump generates a pressure differ-
ence to move one or both of the first and second fluids when
a container in the first one-use pump is broken. The second
one-use pump generates a pressure difference to move one or
both of the first and second fluids when a container in the
second one-use pump is broken.

[0015] The present invention provides a method for con-
trolling a fluid, which comprises providing a plurality of
pipettes to enable sampling of predetermined amounts of
fluids. Each pipette comprises a channel and a container
which generates a pressure difference in the channel when the
container is broken, the container being made of a brittle
material. The container defines a space within the container
having a gas pressure that is less than the gas pressure outside
of the container, wherein breaking the container generates a
predetermined amount of pressure difference in the channel
to cause a predetermined amount of fluid to be drawn into the
channel.
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[0016] The present invention provides a method for con-
trolling a fluid, which comprises enabling a fluid to flow from
a first region to a second region, wherein the first region is
coupled to the second region by a connector having an open
end and a closed end. The open end is disposed in the second
region and the closed end is disposed in the first region. The
first region is closed off from the second region by the closed
end of the connector, wherein enabling the fluid to flow com-
prises breaking the closed end of the connector to form a
passage from the first region to the second region through the
connector. A material, which absorbs a fluid and expands in
volume, is used to absorb a portion of the fluid flowing
through the connector, and the expanded material is used to
block further flow of additional fluid through the connector.

[0017] The present invention provides a method for con-
trolling a fluid, which comprises flowing a fluid in a channel
that includes a material which expands in volume upon
absorption of a portion of the fluid. Flowing the fluid in the
channel includes flowing a first portion of the fluid past the
material and using the material to absorb a second portion of
the fluid to cause the material to expand in volume. The
expanded material is used to block a passage of additional
fluid through the channel.

[0018] The present invention provides a method for con-
trolling a fluid, which comprises passing a fluid through a
channel that includes a first self-close valve and a second
self-close valve. The first and second self-close valves spaced
apart from each other, and each self-close valve comprises a
fluid absorbing material that expands in volume upon absorp-
tion of a portion of the fluid. The fluid absorbing materials in
the first and second self-close valves are used to absorb a
portion of the fluid. The volume of the fluid absorbing mate-
rials is expanded to block further passage of additional fluid
through the channel and to retain a predetermined amount of
fluid in a section of the channel between the first and second
self-close valves.

[0019] The present invention provides a method for con-
trolling a fluid, which comprises breaking a first container
made of a brittle material to generate a pressure difference in
a channel so as to cause a first fluid to move from a first
reservoir to a first segment of the channel. The first container
(a) defines a space within the first container having a gas
pressure that is different from the gas pressure outside of the
first container, or (b) includes a first material that is separated
from a second material prior to the breaking of the first con-
tainer. The first and second materials selected to generate gas
upon interaction of the first and second materials. A second
container made of a brittle material is broken to generate a
pressure difference in the channel so as to cause at least a
portion of the first fluid to move through a second segment of
the channel.

[0020] The present invention provides a method for con-
trolling a fluid, which comprises simultaneously operating a
first one-use pump and a second one-use pump to draw a first
portion of a sample fluid to a first channel and a second
portion of the sample fluid to a second channel. A first con-
tainer in the first one-use pump is broken to generate a pres-
sure difference so as to cause the first portion of the sample
fluid to move from a reservoir to the first channel, and a
second container in the second one-use pump is broken to
generate a pressure difference so as to cause the second por-
tion of the sample fluid to move from the reservoir to the
second channel. A third one-use pump and a fourth one-use
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pump are simultaneously operated to draw a first buffer solu-
tion to the first channel and a second buffer solution to the
second channel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0022] FIGS. 1A and 1B are schematic diagrams of a
vacuum pump.

[0023] FIGS. 2A and 2B are schematic diagrams of a gas
pump.

[0024] FIGS. 3A and 3B are schematic diagrams of a gas
pump.

[0025] FIG. 4A is a schematic diagram of a gas pump.
[0026] FIG. 4B is a table of materials.

[0027] FIGS. 5A and 5B are schematic diagrams of a bro-
ken-open valve.

[0028] FIGS. 6A, 6B, 7A, 7B, and 8A to 8C are schematic

diagrams of self-close valves.

[0029] FIGS. 9A to 9C are schematic diagrams of an on-
off-on valve.
[0030] FIGS. 10A to 10C are schematic diagrams of an

off-on-off valve.

[0031] FIGS. 11A to 11D are schematic diagrams of an
on-off-on-off valve.

[0032] FIG. 12 is a schematic diagram of a metering
pipette.
[0033]
pipette.
[0034] FIGS. 14A to 14C are schematic diagrams of a
metering pipette.

[0035] FIGS. 15A and 15B are schematic diagrams of a
metering device.

[0036] FIGS. 16A and 16B are schematic diagrams of a
metering device.

[0037] FIGS. 17A to 17C are schematic diagrams of a
device for use in a two-step assay.

[0038] FIGS. 18A to 18C are schematic diagrams of a
device for use in a two-step assay.

[0039] FIGS. 19A to 19C are schematic diagrams of a
device for use in a three-step assay.

[0040] FIG. 20 is a schematic diagram of a module for use
in a multiplex analyte assay.

[0041] FIGS. 21A and 21B show a metering pipette being
used to sample blood from a patient.

[0042] FIGS. 22A and 22B are schematic diagrams of a
device for performing rapid reaction colorimetric assay.
[0043] FIGS. 23A and 23B are schematic diagrams of a
device for sampling a filtered fluid.

[0044] FIGS. 24A to 24C are schematic diagrams of a
device for performing a slow calorimetric assay.

FIG. 13 is a schematic diagram of a metering

[0045] FIGS. 25A and 25C are schematic diagrams of
vacuum pumps.

[0046] FIGS. 26A and 26B are schematic diagrams of
vacuum pumps.

[0047] FIGS. 27A to 27C are schematic diagrams of self-
close valves.

[0048] FIGS. 28A and 28B are schematic diagrams of a

broken-open valve.
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[0049] FIG. 28C is a cross-sectional view of a glass capil-
lary having a square inner rim and a square outer rim.
[0050] FIGS. 29A and 29B show a device in an embodi-
ment of the present invention, which is manufactured by a
combination of a self-close valve (SLV) and a broken open
valve (BOV) to perform an antibody assay on a blood sample.
[0051] FIGS. 30A to 30C are diagrams showing an opera-
tion of the device in FIG. 29A.

[0052] FIG. 31 shows a device in another embodiment of
the present invention, which is manufactured by a combina-
tion of a self-close valve (SLV) and a broken open valve
(BOV) to perform an antibody assay of a blood sample.

[0053] FIGS. 32A and 32B show a self-close valve having
a lag layer.
[0054] FIGS.33Aand33B respectively show a partial coat-

ing and a whole coating.

[0055] FIGS. 34A and 34B show an antibody assay device
in an embodiment of the present invention, which has a time
lag valve.

[0056] FIGS. 35A to 35D show an antibody essay method,
which has a time lag valve.

[0057] FIGS. 36A and 36B show a blood centrifugal
device, which has a time lag valve, in an embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0058] A fluidic device for performing assays includes con-
trol components such as vacuum pumps, gas pumps, “broken
open valves,” and “self-close valves™ for controlling the flow
of fluids in the fluidic device. The vacuum pump can be used
to pull a fluid in a specific direction in a channel, and the gas
pump can be used to push a fluid in a specific direction in a
channel. The broken open valve can be used to connect two
separate regions at the control of a user, and the self-close
valve can be used to automatically seal off a channel after
passage of a fluid. The vacuum pumps, gas pumps, broken
open valves, and self close valves can be made small so that
the fluidic device can be made small and portable.

[0059] In the following description, the individual control
components will be introduced first, followed by a descrip-
tion of how the control components can be combined to
construct modular units for controlling fluids in fluidic
devices. Afterwards, how biological assays can be performed
using the fluidic devices will be described.

[0060] Referring to FIG. 1A, a vacuum pump 90 can be
constructed by placing a container 100 in a channel 106 (or
chamber) defined by a material 102. The container 100
encloses a region 104 that is vacuum or has a low gas pressure
as compared to the gas pressure in the channel 106.

[0061] Referring to FIG. 1B, the container 100 can be, e.g.,
a glass capillary, that breaks upon application of an external
force. When the container 100 breaks. gas in the channel 106
flows into the vacuum region 104, reducing the pressurein the
region 106. This produces a suction force that can be used to
pull a fluid in a direction 108 towards the region 106.

[0062] FIGS. 25A to 25C show examples of vacuum pumps
using glass capillaries placed in rubber tubes. FIG. 25A
shows a cross section of a gas pump 410 having a vacuum
glass capillary 416 placed in a rubber tube 418, where the tube
418 has a closed end 424 and an open end 426. FIG. 25B
shows a cross section of a gas pump 412 that is similar to the
gas pump 410 except that the gas pump 412 has a rubber tube
420 with two open ends. FIG. 25C shows the gas pump 412
connected to two rubber tubes 428, where the rubber tube 420
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has a larger inner diameter (to accommodate the glass capil-
lary 416) than the rubber tubes 428.

[0063] FIGS. 26A and 26B show examples of vacuum
pumps using glass capillaries placed in planar fluidic chan-
nels. FIG. 26 A shows a cross section of a vacuum pump 430
having a vacuum glass capillary 416 placed in a fluidic chan-
nel 438 defined by a planar substrate 434. The fluidic channel
438 has a closed end 440 and an open end 442. The planar
substrate 434 may be made of a rigid material. An elastic layer
436 is embedded in the substrate 434 at a location adjacent to
the capillary 416 to allow a user to apply an external force
through the elastic layer to break the capillary 416.

[0064] FIG. 26B shows a cross section of a vacuum pump
432 that is similar to the vacuum pump 430 except that the
fluidic channel 438 is connected to two fluidic channels 444
having smaller cross sections.

[0065] A vacuum glass capillary can be made by heating
one end of a glass capillary to melt the glass to form a first
closed end. A vacuum pump is used to pump air out of the
glass capillary through the open end. The glass capillary is
heated ata location at a distance from the first closed end. The
heat softens the glass, which can be pinched or twisted to form
a second closed end.

[0066] Referring to FIG. 2A, a gas pump 92 can be con-
structed by placing a container 110 in a channel 106 (or
chamber) defined by a material 102. The container 110
encloses a region 112 thathas a higher gas pressure compared
to the gas pressure in the channel 106 outside of the container
110.

[0067] Referring to FIG. 2B, the container 110 can be, e.g.,
a glass capillary, that breaks upon application of an external
force. When the container 110 breaks, gas originally inside
the container 110 flows out of the container 110, increasing
the pressure in the region 106. This produces a force that can
be used to push a fluid in a direction 114 away from the region
106.

[0068] Inthisdescription, the term “vacuum pump” will be
used to refer generally to a device that generates a pull force
thatcan be usedto pull a fluid towards the device, and the term
“gas pump” will be used to refer generally to a device that
generates a push force that can be used to push a fluid away
from the device.

[0069] There are alternative ways to construct a gas pump.
For example, referring to FIG. 3A, a gas pump 94 can be
fabricated by placing a glass capillary 120 that is partially
filled with a first material 126 in a channel 124 (or chamber)
that contains a second material 128. The first and second
materials 126 and 128 are selected so that when they intermix,
the materials 126 and 128 will interact and generate one or
more gases. For example, the first material 126 can be diso-
dium carbonate (Na,CO;) and/or sodium hydrogen carbonate
(NaHCO,), and the second material 128 can be ethanoic acid
(CH,COOH).

[0070] Referring to FIG. 3B, when an external force is
applied to break the glass capillary 120, the first and second
materials 126 and 128 interact and generate a gas. In this
example, the gas is carbon dioxide (CO,). The chemical reac-
tions that occur are:

N2,CO5+2CH,COOH 2NaCO0CH,+H,0+C0,
NaHCO,+CH,COOH PNaCOOCH,+H,0+CO,

[0071] The carbon dioxide increases the pressure in the
channel 124, generating a force that can be used to push a fluid
away from the broken capillary 120.
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[0072] The first material 126 can be filled directly into the
capillary 120. Referring to FIG. 27A, the first material 126
can also be attached to a wire 450, then the wire 450 along
with the coated material 126 is placed inside the capillary
120. FIG. 27B shows an example in which the glass capillary
120 is placed in a channel 124 within a rubber tube 418. The
channel 124 contains a second material 128 that can interact
with the first material 126 when the glass capillary 120 is
broken. FIG. 27C shows an example in which the glass cap-
illary 120 is placed in a fluidic channel 438 within a planar
device substrate 434. An elastic layer 436 is embedded in the
substrate 434 at a location adjacent to the capillary 120 to
allow a user to apply an external force through the elastic
layer 436 to break the capillary 120.

[0073] Referring to FIG. 4A, a gas pump 96 can be fabri-
cated by placing a compound 130 in a glass capillary 132,
sealing the capillary 132, heating the capillary 132, cooling
the capillary 132, and placing the capillary 132 in a channel
106 (or chamber). The compound 130 is selected to be a
material that generates a gas after being heated. When the
capillary 132 is heated and cooled, the gas generated from the
compound 130 increase the gas pressure inside the capillary
132, as compared to the gas pressure outside of the capillary
132.

[0074] Examples of the compound 130 include sodium
dicarbonate (NaHCO;) and calcium carbonate (CaCQOs;).
These compounds generate carbon dioxide when heated:

NaHCO; ?NaOH+CO,
€200, DCa0+CO,

[0075] Sublimation materials that change from solid form
to gas form (e.g. dry ice that turns into CO,) can also be used.
Other materials that generate gas when heated, such as NaN,
generating nitrogen when heated (2 NaN;—2Na+3N,), are
listed in Table 1 of FIG. 4B.

[0076] Referring to FIG. 5A, a broken open valve 140 can
be fabricated by placing a glass capillary 142 between a first
channel 148 and a second channel 150. The glass capillary
142 has an open end 144 that is positioned in the first channel
148, and a closed end 146 that is positioned in the second
channel 150. When the glass capillary is intact, fluids cannot
flow between the first and second channels 148 and 150. This
is referred to as the “closed” state of the broken open valve
140.

[0077] Referring to FIG. 5B, when an external force is
applied to break the glass capillary 142, a passage 152 is
formed that connects the channels 148 and 150. This is
referred to as the “open” state of the broken open valve. The
broken open valve 140 is useful in allowing two fluids (or a
fluid and a solid) to be separated initially, then interact at a
time controlled by the user.

[0078] FIGS. 28A and 28B shows an example of using a
broken-open valve to construct a low cost device for perform-
ing an assay in which a fluid is irradiated with ultra-violet
(UV) light. A glass capillary 142 connects two plastic chan-
nels 460 and 462. Initially, a reactant 464 is contained in the
first plastic channel 462. Upon breaking the glass capillary
142, the reactant 464 flows through the glass capillary 142 to
the second plastic channel 460. As shown in FIG. 28B,a UV
light source 466 irradiates the reactant 464 as it flows through
the glass capillary 142. A detector 468 detects the UV light
that passes the reactant 464. The spectrum of the UV light
detected by the detector 468 is useful in determining the
compounds in the reactant 464.
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[0079] FIG. 28C shows a cross section of a glass capillary
having square shaped inner and outer perimeters. The square
shaped inner and outer perimeters allow the UV light to pass
the glass capillary in a direction that is perpendicular to the
surface of the glass capillary. This allows more UV light to
reach the fluid in the glass capillary, as compared to a capil-
lary having a circular cross section that may cause the inci-
dent UV light to be reflected or redirected in directions away
from the fluid.

[0080] Referring to FIGS. 6A and 6B, a self-close valve
160 can be constructed by placing superabsorbent polymers
(SAP) 162 in a channel 164. Initially, the SAP 162 has a
smaller volume and allows fluids to flow between a first
region 166 and a second region 168 in the channel 164 (FIG.
6A). This is referred to as the “open” state of the self-close
valve. When a fluid flows past the SAP 162, the SAP absorb
a portion of the fluid and expands in volume, blocking the
channel 164 (FIG. 6B), preventing further fluid from flowing
between the first region 166 and the second region 168. This
is referred to as the “closed” state of the self-close valve.
[0081] Superabsorbent polymers can absorb and retain
large volumes of water or other aqueous solutions. In some
examples, SAP can be made from chemically modified starch
and cellulose and other polymers, such as poly(vinyl alcohol)
PVA, poly(ethylene oxide) PEO, which are hydrophilic and
have a high affinity for water. In some examples, superabsor-
bent polymers can be made of partially neutralized, lightly
cross-linked poly (acrylic acid), which has a good perfor-
mance versus costratio. The polymers can be manufactured at
low solids levels, then dried and milled into granular white
solids. In water, the white solids swell to a rubbery gel that in
some cases can include water up to 99% by weight.

[0082] Referring to FIG. 7A, a self-close valve 170 can
include a channel 164 that has an enlarged portion 172 to
accommodate the superabsorbent polymers 162 so that the
superabsorbent polymers 162 do not restrict flow of fluid
before expansion of the SAP 162. To fabricate the self-close
valve 170, an adhesive can be applied to the inner walls of the
enlarged portion 172, the SAP 162 in powder form is then
pushed into the channel 164 so that the SAP 162 powder
adheres to the inner wall at the enlarged portion 172.

[0083] Referring to FIG. 7B, as the fluid flows past the
superabsorbent polymers 162, the superabsorbent polymers
162 absorb a portion of the fluid and expands in volume,
blocking the channel 164, preventing further flow of the fluid
past the expanded polymers 162.

[0084] Referringto FIGS. 8A and 8B, superabsorbent poly-
mers 162 can be attached to a wire 180, then placed into a
channel 164. The channel 164 can have a recessed region 182
in which an adhesive is applied to secure the wire 180 at a
predefined location.

[0085] Referring to FIG. 8C, as the fluid flows past the
superabsorbent polymers 162, the polymers 162 absorb a
portion of the fluid and expands in volume, blocking the
channel 164, preventing further flow of the fluid past the
expanded polymers 162.

[0086] A self-close valve can be constructed by coating a
wire with SAP, then placing the coated wire into a channel or
tube. A self-close valve for use in a planar fluidic device can
be constructed by coating a planar substrate with SAP, then
placing the coated substrate into a planar channel in the planar
fluidic device.

[0087] Referring to FIGS. 9A to 9C, an on-off-on valve 190
can be fabricated by using a glass capillary 142 and SAP 162
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that are positioned outside of and adjacent to the capillary
142. The capillary 142 and the SAP 162 are both positioned in
a channel 164 having a first region 166 and a second region
168. Using the glass capillary 142 and the SAP is similar to
using a combination of a broken open valve and a self-close
valve. The on-off-on valve 190 enables a user to control the
flow of fluids through a particular location in the channel by
allowing, then blocking, and then allowing fluids to pass
through the particular location.

[0088] Referring to FIG. 9A, initially, the SAP 162 has a
smaller volume and does not block the channel, allowing a
fluid to flow between the first and second regions 166 and 168.
[0089] Referring to FIG. 9B, as the fluid passes, a portion of
the fluid is absorbed by the SAP 162, causing the SAP 162 to
increase in volume, blocking further flow of the fluid between
the first and second regions 166 and 168.

[0090] Referring to FIG. 9C, when an external force is
applied to break the glass capillary 142, a passage 152 is
generated to allow the fluid to flow between the first and
second regions 166 and 168.

[0091] Referring to FIGS. 10A to 10C, an off-on-off valve
200 can be fabricated by using a glass capillary 142 and SAP
162 that are positioned inside the capillary 142. The capillary
142 has an open end 144 and a closed end 146. The open end
144 is positioned in a first channel 148, and the closed end 146
is positioned in a second channel 150. The glass capillary 142
and the SAP 162 perform functions similar to a combination
of a broken open valve and a self-close valve. The off-on-off
valve 200 enables a user to control the flow of fluids through
a particular location in the channel by blocking, then allow-
ing, and then blocking fluids to pass through the particular
location.

[0092] Referring to FIG. 10A, when the glass capillary 142
is intact, the first and second channels 148 and 150 are not
connected.

[0093] Referring to FIG. 10B, when an external force is
applied to break the glass capillary 142, a passage 152 is
formed, allowing fluid to flow between the channels 148 and
150. The SAP 162 initially has a smaller volume and does not
block the flow of fluid in the passage 152.

[0094] Referring to FIG. 10C, as the fluid flows through the
passage 152, a portion of the fluid is absorbed by the SAP 162,
causing the SAP to increase in volume and block the passage
152, preventing further flow of the fluid through the passage
152.

[0095] Referring to FIGS. 11A to 11D, an on-off-on-off
valve can be fabricated by using a glass capillary 142, SAP
212 that are positioned inside the capillary 142, and SAP 214
that are positioned outside of the capillary 142. The glass
capillary 142, the SAP 212, and the SAP 214 are placed in a
channel 164. The glass capillary 142, the SAP 212, and the
SAP 214 perform functions similar to a combination of a
broken open valve and two self-close valves. The on-off-on-
off valve 210 enables a user to control the flow of fluids
through a particular location in the channel by allowing, then
blocking, then allowing, and then blocking fluids to pass
through the particular location.

[0096] Referring to FIG. 11A, initially, the SAP 214 has a
smaller volume and allows a fluid to flow between a first
region 166 and a second region 168 of the channel 164.
[0097] Referring to FIG. 11B, as fluid passes, a portion of
the fluid is absorbed by the SAP 214, causing the SAP 214 to
increase in volume, blocking further flow of the fluid between
the first and second regions 166 and 168.

Jul. 17,2008

[0098] Referring to FIG. 11C, when an external force is
applied to break the glass capillary 142, a passage 152 is
formed to allow fluids to flow between the first and second
regions 166 and 168.

[0099] Referring to FIG. 11D, as the fluid flows pass the
SAP 212, a portion of the fluid is absorbed by the SAP 212,
causing the SAP 212 to increase in volume and block the
passage 152, preventing further flow of fluids through the
passage 152.

[0100] Referring to FIG. 12, a metering pipette 220 for
drawing a predetermined amount of fluid can be constructed
by using a vacuum pump 222 coupled to a pipette tube 224.
The vacuum pump 222 includes a vacuum glass capillary 100
thatis placed in a pipette bulb 226. To use the metering pipette
220, the glass capillary 100 is broken to generate a suction
force that draws a fluid into the pipette tube 224.

[0101] When a batch of metering pipettes 220 are manu-
factured, the sizes of the bulb 226 and the glass capillary 100
can be made to be the same. The bulb 226 and the glass
capillary 100 are designed so that when the user presses the
bulb 226 to break the glass capillary 100, the amount of
deformation imparted on the bulb 226 that is required to cause
the glass capillary 100 to be broken is substantially the same
for all the metering pipettes 220. This way, a user can use the
metering pipette 220 to quickly draw in a predetermined
amount of fluid without monitoring the fluid level in the stem
224.

[0102] For example, referring to FIGS. 21A and 21B, a
metering pipette 220 can be used to quickly sample a prede-
termined amount of blood 370 from a patient.

[0103] Referring to FIG. 13, another example of a metering
pipette 230 includes a vacuum pump 222 and a gas pump 232.
The vacuum pump 222 is similar to that shown in FIG. 12.
The gas pump 232 includes a glass capillary 120 filled with
NaCO, and placed in a pipette bulb 234 containing
CH,COOH. When the glass capillary 120 is broken, Na,CO,
interacts with CH,COOH to generate CO,, increasing the gas
pressure in the bulb 234. The vacuum pump 222 allows the
user to quickly draw a predetermined amount of a fluid into
the pipette 230. The gas pump 232 allows the user to dispense
the fluid out of the pipette 230.

[0104] An advantage of using the gas pump 232 is that the
fluid in the tube 228 can be dispensed over a controlled period
of time as the CO, gas is generated from the reaction between
Na,CO, and CH,COOH. This way, the user does not have to
carefully monitor the output flow of the fluid when dispensing
the fluid.

[0105] Referring to FIG. 14A, another example of a meter-
ing pipette 240 includes a bulb 242, a middle section 244, and
a pipette tube 246. The middle section 244 is constructed ofa
deformable material. An on-off-on valve 248 is positioned in
the middle section 244. The on-off-on valve 248 includes a
glass capillary 142 and SAP 162 positioned outside of the
capillary 142, similar to the device shown in FIGS. 9A to 9C.
[0106] Referring to FIG. 14A, to use the pipette 240, the
user squeezes and releases the bulb 242 to draw a fluid into the
tube 246 and the middle section 244.

[0107] Referring to FIG. 14B, when the fluid reaches the
middle section 244 and comes into contact with the SAP 248,
aportion of the fluid is absorbed by the SAP 248, causing the
SAP 248 to expand in volume and block passage of the fluid
beyond the SAP 248. This way, a predetermined amount of
fluid is drawn into the pipette 240.
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[0108] Referring to FIG. 14C, to dispense the fluid from the
pipette 240, the user presses the middle section 244 (which is
made of deformable material) to break the glass capillary 142,
forming a passage through the broken capillary 142. The user
then squeezes the bulb 242 to force the fluid out of the pipette
240.

[0109] When a batch of pipettes 240 are manufactured, the
size of the tube 246 and the middle section 244, and the
position of the on-off-on valves 248 within the middle section
244 are the same, so that users can use the pipettes 240 to
quickly draw in substantially the same amounts of fluids
without closely monitoring the levels of liquids in the pipettes
240.

[0110] Referring to FIG. 15A, a metering device 260 for
collecting a predetermined amount of fluid includes a glass
capillary 262 having two branches 2664 and 2665, two self-
close valves 2684 and 268b, and two broken open valves 270a
and 2705. Each of the self-close valves 2684 and 2685 has
SAP that expands upon absorption of fluids. Initially, the
self-close valves 268a and 2685 are in the open state, and the
broken open valves 270a and 270b are in the closed state. The
self-close valves 268a and 2685 can be similar to those shown
in FIGS. 6A to 8C. The broken open valves 2704 and 2705
can be similar to those shown in FIGS. 5A and 5B.

[0111] In operation, a fluid 274 is drawn into the capillary
262 due to a capillary force, and flows past the self-close
valves 2682 and 2685. Referring to F1G. 15B, as the fluid 274
flows pass the self-close valves 268a and 2685, a portion of
the fluid 274 is absorbed by the SAP in the self-close valves
268a and 2684, causing the self-close valves 268a and 2685
to change to the closed state, blocking further passage of the
fluid 274. This results in the fluid 274 occupying a segment
264 of the capillary between the self-close valves 268a and
268b.

[0112] The fluid 274 can be moved from the segment 264 to
other locations through the branch 2664 or 2665 by changing
the broken open valves 270q and 2705 from the closed state to
the open state, and applying a suction force or a push force to
move the fluid 274.

[0113] An advantage of the metering device 260 is that it
can quickly sample a predetermined volume of fluid without
careful monitor by the user. Because the capillary has a small
diameter, the metering device 260 is useful in precisely sam-
pling small amounts of fluid.

[0114] Referring to FIG. 16A, a metering device 280 that
can obtain three different amounts of fluids from a sample
well 282 includes three capillaries 284a, 2845, and 284c.
Each capillary has a self-close valve (e.g., 2864, 2865, or
286¢) at one end and a vacuum valve (e.g., 288a, 2885, or
288¢) at the other end. Each vacuum pump has a vacuum glass
capillary. Initially, the self-close valves are in the open state.
[0115] Referring to FIG. 16B, when the user breaks the
vacuum glass capillary in the vacuum pumps 288a, a suction
force 1s generated to draw a predefined amount of liquid into
the capillary 284a. As the fluid passes the self-close valve
286a, the SAP in the self-close valve 286a expands, causing
the self-close valve 286a to enter the closed state, preventing
further movement of the fluid through the self-close valve
284a. Similarly, predefined amounts of fluid can be drawn
into the capillaries 2845 and 284¢ by breaking the vacuum
capillaries in the vacuum pumps 2885 and 288¢. The amounts
of fluid drawn into the capillaries 284a to 284c¢ are determined
by the volumes of the capillaries in the vacuum pumps 288a
to 288c¢, which can be the same or different.
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[0116] Referring to FIG. 17A, a device 290 for use in a
two-step assay that requires rapid binding of reagents fol-
lowed by washing with a buffer can be fabricated using a
combination of vacuum pumps, a broken-open valve, and a
self-close valve. A channel 302 has one end coupled to a
sample well 300 through a self-close valve 296, and another
end coupled to a first vacuum pump 292a. The channel 302 is
connected to a channel 308, which is coupled to a buffer 298
through a broken-open valve 294. The channel 302 is also
connected to a channel 304, which is coupled to a second
vacuum pump 2924 and a third vacuum pump 292¢. The
channel 304 includes a binding and/or sensing area 306 that
includes reagents for binding or sensing compounds in the
sample 300.

[0117] The device 290 is operated in a way such that the
sample 300 is drawn towards the binding and sensing area 306
to cause a reaction to occur, then the buffer 298 is drawn
towards the binding and sensing area 306 to wash the binding
and sensing area 306.

[0118] Referring to FIG. 17B, the vacuum pump 2924 is
activated to generate a suction force that draws the sample
300 towards the vacuum pump 292a and into the section of
the channel 302 between the vacuum pump 292a and the
self-close valve 296. As the sample 300 flows past the self-
close valve 296, a portion of the sample is absorbed by the
SAP in the self-close valve 296, causing the self-close valve
296 to enter the closed state.

[0119] Referring to FIG. 17C, the broken-open valve 294 is
activated to cause the valve 294 to change to the open state.
The vacuum pump 2924 is activated to generate a suction
force that draws both the sample 300 and the buffer 298
towards the vacuum pump 29254. The vacuum pumps 292a
and 2924 are designed such that after the pumps are activated,
the sample 300 will stop at the binding and sensing area 306.
After a period of time, the vacuum pump 292¢ is activated to
move the sample 300 out of the area 306, and cause the buffer
298 to flow through and wash the area 306.

[0120] The example above provides incubation time that
allows the compounds in the sample 300 to react with the
reagents in the binding and sensing area 306 before the area
306 is washed by the buffer 290. If the reactions at the area
306 is fast and incubation time is not necessary, then the
vacuum pump 2925 can be made larger and the vacuum pump
292¢ can be omitted. When the vacuum pump 292 is acti-
vated, the sample rapidly flows pass the binding and sensing
area 306, followed by washing by the buffer 298.

[0121] Referring to FIG. 18A, a device 310 for use in a
two-step assay that requires slow binding of reagents fol-
lowed by washing with a buffer can be fabricated using a
combination of a vacuum pump, broken-open valves, a self-
close valve, and a gas pump. The device 310, similar to the
device 290, has a channel 302 connected to two channels 304
and 308. The channel 302 is coupled to a sample 300 through
aself-close valve 296. The channel 308 is coupled to a buffer
298 through a broken-open valve 294. The channel 304
includes a binding and sensing area 306. One end of the
channel 304 is coupled to a broken-open valve 312. A gas
pump 314 is coupled to the buffer 298.

[0122] The difference between the device 310 and the
device 290 is that, in device 310, rather than using the vacuum
pump 2925 to draw the sample 300 and buffer 298 towards the
binding and sensing area 306, the gas pump 314 is used to
push the sample 300 and the buffer 298 towards the area 306.
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[0123] Referring to FIG. 18B, to perform the two-step
assay, the vacuum pump 292a is activated to draw the sample
300 into the channel. The self-close valve 296 enters a closed
state after the sample flows pass the valve 296.

[0124] Referring to FIG. 18C, the broken-open valves 294
and 312 are activated to cause the valves to change to the open
state. The gas pump 314 is activated to generate gas over a
period of time, pushing the sample 300 and the buffer 298
through the binding and sensing area 306. Because the gas
pump 314 generates gas over a period time (the reaction
between compounds that generate gas takes a certain amount
of time to complete), the sample 300 can pass the binding and
sensing area 306 slowly, allowing slow binding reactions to
oceur.

[0125] Referring to FIG. 19A, a device 320 for use in a
three-step assay that requires rapid binding of reagents fol-
lowed by washing with two buffers can be constructed by
adding a second buffer 324, and a channel 322 to the structure
show in FIG. 17A. To perform the multi-step assay, the
vacuum pump 292a is activated to cause the sample 300 to
flow to the channel 302. As the sample 300 flows past the
self-close valve 296, the valve 296 changes to a closed state.

[0126] Referring to FIG. 19B, the broken-open valve 294 is
activated so that it changes to an open state, and the vacuum
pump 2925 is activated to cause the sample 300 and the first
buffer 298 to be drawn towards the binding and sensing area
306.

[0127] Referring to FIG. 19C, the broken-open valve 326 is
activated so that it changes to an open state, and the vacuum
pump 292¢ is activated to cause the sample 300, the first
buffer 298, and the second buffer 324 to be drawn towards the
binding and sensing area 306. This way, the reaction at the
area 306 can be washed by two different buffers.

[0128] A device for use in assays that require more than
three steps can be constructed by coupling additional buffers
or samples, and adding a corresponding number of vacuum
pumps to the end of the channel 304.

[0129] Referring to FIG. 20, a module 330 can be con-
structed to perform multiplex analyte assay. The module
includes a sample well 282 for holding a sample 300 and three
chambers 3324, 3320, and 332¢, each containing an analyte
for binding and sensing compounds in the sample 300. Below
is a description of the components used to perform an assay
concerning the first analyte in the chamber 332a.

[0130] Thechamber332aiscoupled to the sample well 282
through a channel 342q and a self-close valve 344q. The
channel 342q is coupled to a first buffer 350a through a
self-close valve 346a and a broken-open valve 348a. The
channel 342a is coupled to a second buffer 356a through a
self-close valve 352a and a broken-open valve 354a. The
channel 342a is coupled to a third buffer 362a through a
self-close valve 3584 and a broken-open valve 360a. The
chamber 332q is also connected to vacuum pumps 334aq,
3364, 3384, and 340a.

[0131] To perform the assay, the vacuum pump 334a is
activated to draw the sample 300 towards the chamber 332a to
allow the compounds in the sample 300 to react with the
analyte 332a. After a certain amount of the sample flows
through the self-close valve 344q, the valve 344a changes to
the closed state. The first buffer 350q is flushed through the
chamber 3324 by activating the broken-open valve 3484 (to
change the valve to the open state) and the second vacuum
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pump 336a. After a certain amount of the first buffer 350a
flows past the self-close valve 3464, the valve 346a changes
to a closed state.

[0132] Thesecond buffer 356a is flushed through the cham-
ber 3324 by activating the broken-open valve 354a (to change
the valve to the open state) and the third vacuum pump 338a.
After a certain amount of the second buffer 356a flows past
the self-close valve 352a, the valve 3524 changes to a closed
state.

[0133] In asimilar manner, the third buffer 362q is flushed
through the chamber 3324 by activating the broken-open
valve 360a (to change the valve to the open state) and the third
vacuum pump 340a. After a certain amount of the third buffer
362a flows past the self-close valve 358a, the valve 358a
changes to a closed state.

[0134] Theassays concerning the second and third analytes
in the chambers 3325 and 332¢ can be performed similar to
the manner that the assay concerning the first analyte in the
chamber 3324 is performed. The assays concerning the first,
second, and third analytes in the chambers 332a, 3325, and
332¢ can be performed simultaneously.

[0135] The following are applications of the vacuum
pumps and gas pumps in performing biological assays.
[0136] FIGS. 22A and 22B show a device 380 for perform-
ing rapid reaction calorimetric assay. The device 380 includes
a channel 384 coupled to a sample well 382 at one end and a
vacuum pump 90 at the other end. The sample well 382 can
hold a fluid, such as blood or urine. The channel 384 includes
a testing area 386 having test lines that change color upon
detection of certain compounds. The vacuum pump 90 when
activated can quickly draw the fluid in the sample well 382
through the testing area 386. By reading the color of the test
lines, a user can quickly determine the existence or non-
existence of certain compounds in the fluid.

[0137] FIGS.23A and 23B show a device 390 for sampling
a filtered fluid. The device 390 includes a channel 384 thathas
one end coupled to a sample well 382 and another end
coupled to a vacuum pump 90. A filter membrane 392 is
placed in the sample well 382. The vacuum pump 90 when
activated can quickly draw a fluid (e.g., blood) in the sample
well 382 through the filter membrane 392, producing a fil-
tered fluid (e.g., plasma) that is drawn into the channel 384.
[0138] FIGS.24A to24C show a device 400 for performing
a slow colorimetric assay. The device 400 includes a sample
well 402 coupled between a gas pump 404 and a channel 384.
The channel 384 has a test area 386 having test lines that
change color upon detection of certain compounds. To use the
device 400, a sample fluid 406 is placed in the sample well
402. A sealing tape 408 seals the opening of the sample well.
The gas pump 404 is activated to generate gas that pushes the
sample fluid 406 through the test area 386. Because the gas
pump 404 generates gas over a period of time, the sample
fluid 406 travels through the test area over a period of time,
allowing a slow colorimetric assay to be performed.

[0139] Inanembodimentofthe present invention, referring
to FIGS. 29A and 29B, a device 500 for performing an anti-
body assay on a blood sample is manufactured by a combi-
nation of a self-close valve (SLV) and a broken open valve
(BOV). The device 500 comprises a blood sample well 501, a
washing buffer well 503, a metering zone and labeled anti-
body zone 505, a diagnostic zone (antibody array) 507, a
broken open valve (BOV) 509, a waste well 511, and a self-
close valve (SLV) 513. The metering zone and labeled anti-
body zone 505 have a channel connecting the blood sample
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well 501 with the washing buffer well 503, and the self-close
valve (SLV) 513 is in the channel. The diagnostic zone 507
has another channel, which connects a center of the metering
zone and labeled antibody zone 505 with the waste well 511
through the broken open valve (BOV) 509.

[0140] A method, by which the device 500 performs an
antibody assay on a blood sample, is shown in FIGS. 304,
30B, and 30C. First, referring to 502¢ in FIG. 30A, a blood
sample 502 is infused into the blood sample well 501, and the
self-close valve (SLV) 513, mentioned in aforesaid embodi-
ment of the present invention, is used to pull a blood into the
channel of the metering zone and labeled antibody zone 505
by a capillary force. Then, referring to 5044 in FIG. 30B, a
washing buffer solution is infused into the washing buffer
well 503 and flows into the channel of the metering zone and
labeled antibody zone 505. Simultaneously, the blood is
pushed into the diagnostic zone 507, shown as 5025 in FIG.
30B.

[0141] Referring to FIG. 30C, the blood is further pulled
through the diagnostic zone 507 after the broken open valve
(BOV) 509 is activated, shown as 502¢ in FIG. 30C. Simul-
taneously, an antigen in the blood interacts with an antibody
array in the diagnostic zone 507, and uninteracted blood is
flushed into the waste well 511 by the washing buffer solu-
tion.

[0142] Please refer to FIG. 31 for another embodiment of
the present invention. A device for performing an antibody
assay on a blood sample is manufactured by a combination of
a self-close valve (SLV) and a broken open valve (BOV). The
device comprises a blood sample well, a washing buffer well,
a diagnostic zone (with an antibody array therein), a broken
open valve (BOV), a waste well, and a self-close valve (SLV).
The blood sample well comprises a film for blood cell
removal, which removes blood cells when a blood sample is
pulled through.

[0143] The diagnostic zone has a channel, which connects
the blood sample well with the washing buffer well, and
connects to the waste well through the broken open valve
(BOV). The self-close valve (SLV) is disposed at the joint of
the blood sample well and the channel, which controls a blood
volume flowing into the diagnostic zone and prevents the
blood from flowing back to the blood sample well.

[0144] After the broken open valve (BOV) is activated, the
blood is pulled through the film for blood cell removal and
flows into the diagnostic zone. Simultaneously, an antigen in
the blood interacts with an antibody array in the diagnostic
zone, and uninteracted blood is flushed into the waste well by
the washing buffer solution.

[0145] Aforesaid superabsorbent polymer (SAP) absorbs
and retains large volumes of water or other aqueous solutions.
In some examples, SAP can be made from chemically modi-
fied starch and cellulose and other polymers, such as poly
(vinyl alcohol) PVA, poly (ethylene oxide) PEO, which are
hydrophilic and have a high affinity for water. In some
examples, superabsorbent polymers can be made of partially
neutralized, lightly cross-linked poly (acrylic acid), which
has a good performance versus cost ratio.

[0146] When the superabsorbent polymer is used in the
self-close valve, it is preferable to use a vacuum pump
because a gelling time of the superabsorbent polymer is about
several seconds. Under a capillary force and a centrifugal
force, a flowing speed of a fluid is less than the gelling time of
SAP. Therefore, the flow of the fluid is stopped, and the flow
of the fluid in the channel is also stopped. Hence, by adding a
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time lag layer, a “close” time of the self-close valve of the
present invention is delayed. In addition, the time lag layer is
manufactured by using a material which does not affect a
sample so as to achieve the applications requiring slow flow-
ing speed. The time lag layer is hereby called a time lag valve.
[0147] Inthe embodiment, a soluble material is disposed in
a channel of the self-close valve, between the superabsorbent
polymer SAP and the fluid. When an assay solution flows
through the channel, a speed, which the superabsorbent poly-
mer absorbs and retains large volumes of water or other
aqueous solutions, is delayed by the soluble material, and the
gelling time is therefore slowed to meet the requirement of
slow flowing speed.

[0148] Referring to FIG. 324, a self-close valve 550 com-
prises a channel 552, which has an expanded section 554 for
containing a superabsorbent polymer 556 so that a fluid is not
blocked by unexpanded superabsorbent polymer 556. The
self-close valve 550 is produced by applying an adhesive onto
an inner surface of the expanded section 554 and then adher-
ing powdered SAP 556 onto the inner surface ofthe expanded
section 554 through pushing powdered SAP 556 into the
channel 552. A lag layer 558 made of a soluble material is
disposed in a channel of the expanded section 554 of the
channel 552. Referring to 32B, when a fluid flows through,
the superabsorbent polymer 556 starts absorbing a volume of
the fluid and expands to block the channel 552 after the lag
layer 558 dissolves.

[0149] A material of the lag layer is mainly a soluble mate-
rial. In an embodiment, a suitable water-soluble material is,
for example, a sugar cube or a sugar sheet, disposed between
the channel and the superabsorbent polymer (SAP), and the
thickness of the sugar cube or the sugar sheet is 0.01~2 mm.
When a water-soluble solution flows through the channel, the
water-soluble solution dissolves a sugar and prevents the SAP
absorbing water. As the sugar dissolves, the superabsorbent
polymer is allowed to start absorbing water and expand. After
the sugar completely dissolves, the superabsorbent polymer
completely blocks the channel and a “close” process is fin-
ished. A lag time is determined by the thickness of the sugar,
which is variable according to requirements. Moreover, the
lag time is also determined by a material of the lag layer.
[0150] In another embodiment, the channel 552 of the self-
close valve 550 does not require the expanded section 554,
and powdered superabsorbent polymer 556 is adhered onto an
inner surface of the channel 552 instead. After a SAP material
is formed by powdered superabsorbent polymer 556, a pro-
cess of dip-coating, roll coating, or spin coating of melted
sugar is performed to mix a lag layer material with powdered
superabsorbent polymer 556. FIGS. 33A and 33B respec-
tively illustrate a partial coating and a whole coating. Mean-
while, a speed, which the SAP material absorbs and retains a
large volume of water or other aqueous solutions, decreases
so as to achieve the same effect.

[0151] Aforesaid time lag valve is applicable in a plurality
of examples, such as an antibody assay device shown in FIGS.
34A and 34B. An antibody assay device 600 comprises a
specimen channel 610, a labeled antibody well 620 connected
with the specimen channel 610, a sample well 630, and a
washing buffer well 640. A time lag valve 622 is disposed
between the specimen channel 610 and the labeled antibody
well 620, and a time lag valve 632 is disposed between the
specimen channel 610 and the sample well 630. The speci-
men channel 610 comprises a step area 612, an antibody array
area 614, and a broken open valve 616.
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[0152] The step area 612 is coordinated with the time lag
valves 622 and 632. As shown in a AA' schematic cross-
sectional view of FIG. 34B, a diameter of the specimen chan-
nel 610 is a step-like design. A large diameter 611 is changed
to a smaller diameter 613, and then changed to an even
smaller diameter 615. The decreasing diameter of the channel
enhances a capillary force at the channel end. Moreover, by
using the step design and the time lag valves 622 and 632, the
fluid is maintained at a certain volume when flowing into the
specific channels.

[0153] FIGS.35A to 35D show a process flow for perform-
ing an antibody assay on ablood sample by using the antibody
assay device 600 illustrated in FIG. 34A. The antibody assay
device 600 comprises an specimen channel 610, a labeled
antibody well 620, a sample well 630, a washing well 640, a
first time lag valve 622, and a second time lag valve 632. The
specimen channel 610 comprises a step area 612, an antibody
array 614, and a broken open valve 616. The step area 612
comprises an area 611, an area 613, and an area 615, which
have different diameters. The area 611 has a larger diameter,
and the area 613 has a smaller diameter, for example, smaller
than the diameter of the area 611.

[0154] Referring to FIG. 35A, a blood sample 635 is
infused into the sample well 630 and then flows at a slow
speed through the second time lag valve 632 to the area 613.
Thereafter, the second time lag valve 632 closes to stop the
blood sample 635 from flowing into the specimen channel
610. Because the diameter of the area 613 of the specimen
channel 610 is fixed, a certain volume of the blood sample 635
is obtained.

[0155] Then, referring to FIG. 35B, a labeled antibody 625
is infused into the labeled antibody well 620 and then flows at
aslow speed through a first time lag valve 622 to the area 611.
Thereafter, the first time lag valve 622 closes to stop the
labeled antibody 625 flowing into the specimen channel 610.
Because the diameter of the area 611 of the specimen channel
610 is fixed, a certain volume of the labeled antibody 625 is
obtained.

[0156] Referring to FIG. 35C, a washing solution 645 is
addedinto the washing well 640. Then, as shown in F1G. 35D,
after the broken open valve 616 is activated, an adsorbability
is generated to pull the washing solution 645 in the specimen
channel 610, the labeled antibody 625 in the area 611, and the
blood sample 635 in the area 613, all through the antibody
array area 614 so as to perform an antibody assay.

[0157] In aforesaid method, the diameter of the specimen
channel gradually decreases to increase the capillary force at
the channel end, and by using the step design and the time lag
valves, the fluid is maintained at a certain volume when
flowing into the specific channels. After the sample is infused
into the sample well, the labeled antibody is infused into the
labeled antibody well, and the washing solution is infused
into the washing well, the broken open valve is activated and
the fluid is driven by a capillary force to flow through the
antibody array area so as to perform the processes of binding,
labeling, and washing.

[0158] Aforesaid time lag valve is also applicable in, for
example, a device for separating blood cells by a centrifugal
force, as shown in FIGS. 36A and 36B. In FIGS. 36A and
36B, a whole blood separation device 660, which has a time
lag valve, comprises a whole blood separation channel 662. A
time lag valve 664 is disposed on a sidewall inside the whole
blood separation channel 662. The whole blood separation
channel 662 rotates in a centrifugal direction 668 to generate
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a centrifugal force according to a rotation axis 666. A whole
blood sample 661 is infused into the whole blood separation
channel 662, and when the whole blood separation channel
662 rotates at a high speed, the blood cells of the whole blood
sample 661 gathers toward a centrifugal area to generate a
blood cell area 663 and a blood plasma area 665. In the
high-speed rotation process, after a water-soluble outer lag
layer of the time lag valve 664 dissolves, a superabsorbent
polymer absorbs a portion of water and swells to prevent a
mixture of the blood cell area 663 and the blood plasma area
665.

[0159] Although some examples have been discussed
above, other implementations and applications are also
within the scope of the following claims. For example, in the
vacuum pump 90 of FIGS. 1A and 1B, the container 100 can
container a low pressure region instead of a vacuum region.
As long as the gas pressure inside the container 100 is lower
than the gas pressure outside of the container 100, when the
container 100 breaks, the pressure in the region 106 outside of
the container 100 will drop, generating a suction force that
draws fluids in a direction towards the container 100.

[0160] The glass capillaries described above can be
replaced by capillaries made of other brittle materials, such as
brittle plastic, quartz, and ceramic.

[0161] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the present invention cover modifications and
variations of this invention provided they fall within the scope
of the following claims and their equivalents.

What is claimed is:

1. A fluidic device comprising:

a channel that comprises an expanded section having a
larger diameter than adjacent portions of the channel;
and

a material disposed in the expanded section, the material
having a volume that does not block a passage of a fluid
prior to absorption of the fluid, wherein the material
expands in volume upon absorption of a portion of the
fluid such that, after expansion, the material blocks pas-
sage of additional fluid through the channel.

2. The fluidic device of claim 1, wherein said material

comprises a superabsorbent polymer.

3. A fluidic device, comprising:

a channel having an expanded section whose diameter is
larger than that of the adjacent portions of the expanded
section;

a material disposed in the expanded section; and

a lag material disposed between the material in the
expanded section and the channel, wherein the material
disposed in the expanded section has a volume that does
not block the channel before the material absorbs the
fluid, after the lag material dissolves, the material starts
absorbing a portion of the fluid and instantly expands to
block the fluid from flowing through.

4. The fluidic device of claim 3, wherein said material

comprises a superabsorbent polymer.

5. The fluidic device of claim 3, wherein said lag material

is a water-soluble material.

6. The fluidic device of claim 3, wherein the lag material is

a sugar cube or a sugar sheet.
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7. A fluid control method, comprising:

flowing the fluid in a channel, wherein the channel com-
prises a material, which instantly expands after absorb-
ing a portion of the fluid, and a lag material, which is
disposed between the material and the channel, wherein
the material disposed in the expanded section has a
volume that does not block the channel before the mate-
rial absorbs the fluid, and after the lag material dissolves,
the material starts absorbing a portion of the fluid and
instantly expands to block the fluid from flowing
through.

8. The fluid control method of claim 7 wherein the material
comprises a superabsorbent polymer.

9. The fluid control method of claim 7, wherein the lag
material is a water-soluble material.

10. The fluid control method of claim 7, wherein the lag
material is a sugar cube or a sugar sheet.

11. The fluid control method of claim 7, wherein the lag
material disposed between the material and the channel is
applied by dip-coating, roll coating or spin coating.

12. The fluid control method of claim 7, wherein the lag
material disposed between the material and the channel is
applied partially or wholly.

13. An antibody assay device, comprising:

a specimen channel,

alabeled antibody well, connected to the specimen channel

through a first time lag valve;

a sample well, connected to the specimen channel through

a second time lag valve; and

a washing well connected to the specimen channel,
wherein the specimen channel comprises a step area
which has a design of decreasing diameter, an anti-
body array area, and a broken open valve, wherein the
first time lag valve and second time lag valve respec-
tively comprise a water-absorbing and expanding
material and a water-soluble lag layer, after the water-
soluble lag layer in the time lag valve dissolves, the
water-absorbing and expanding material in the time
lag valve starts absorbing water and expands to pre-
vent a mixture between the labeled antibody well, the
sample well, and the specimen channel.

14. An antibody assay method for an antibody assay
device, wherein the antibody assay device comprises a speci-
men channel having a step area with a design of decreasing
diameter, comprises:
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flowing a sample through a second time lag valve into a
sub-diameter area in the channel with decreasing diam-
eter, and then closing the second time lag valve;
flowing a labeled antibody through a first time lag valve
into a larger-diameter area in the channel with
decreasing diameter, wherein a diameter of the larger-
diameter area is larger than that of the sub-diameter
area, and then closing the first time lag valve, wherein
the first and the second time lag valves comprise a
water-absorbing and expanding material and a water-
soluble lag layer; after the water-soluble lag layer in
the time lag valve dissolves, the water-absorbing and
expanding material in the time lag valve starts absorb-
ing water and expands to prevent the labeled antibody
and the sample from diffusing into the specimen
channel; introducing a washing solution to the speci-
men channel; and

using an adsorbability to pull the washing solution into
the specimen channel so that the blood sample in the
sub-diameter area and the labeled antibody in the
larger-diameter area flow through an antibody array
area with the washing solution to complete the anti-
body assay.

15. The method of claim 14, wherein a material of the lag

layer is a water-soluble material.

16. The method of claim 14, wherein a material of the

water-soluble lag layer is a sugar cube or a sugar sheet.

17. A whole blood separation device comprises;

a whole blood separation channel which has a time lag
valve disposed on an inner sidewall thereof, wherein the
time lag valve comprises a water-absorbing and expand-
ing material and a water-soluble lag layer; and

arotation axis, by which the whole blood separation chan-
nelrotates and generates a centrifugal force in a centrifu-
gal direction to separate a whole blood sample in the
whole blood separation channel into a blood cell area
and ablood plasma area, after the water-soluble lag layer
in the time lag valve dissolves, the water-absorbing and
expanding material in the time lag valve starts absorbing
water and expands to prevent a mixture of the blood cell
area and the blood plasma area.

18. The device of claim 17, wherein a material of the lag

layer is a water-soluble material.

19. The device of claim 17, wherein a material of the

water-soluble lag layer is a sugar cube or a sugar sheet.

* sk * sk *
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