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(54) Microfluidic chip assembly with filtering channel

(57) A microfluidic chip is provided with one or more
wells (1) having one or more orifices (3) being interfaces
to at least one channel (4,4’) for the reception and trans-
port of fluidic chemical and/or biological materials that
may contain or form particles (7). The at least one chan-
nel (4,4’) has at least two portions having different cross
sectional shapes (A,B,B’), a first cross sectional shape

(A) of which is being sized in a way that that some of the
particles (7) are allowed to pass through and a second
cross sectional shape (B,B’) of which is being sized in a
way that some of the particles (7) are retained, thus per-
mitting filtering of the fluid. A method for filtering fluid
chemical and biological substances is provided by the
use of this microfluidic chip.
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Description

[0001] The present invention relates to a microfluidic
chip assembly.

BACKGROUND ART

[0002] Fluidic microchip technologies are increasingly
utilized in order to carry out chemical or biological labo-
ratory functions such as experiments, analyses or prep-
aration. These miniaturized instruments allow the per-
formance of traditional and new developed processes
under a perfectly controllable setting of parameters. Fur-
thermore, the development of instruments permitting to
conduct experiments with very small volumes of e.g. sub-
stances that are hard to prepare or very expensive has
enabled scientists to proceed in research remarkably.
[0003] According to Broyles et al. (B. Scott Broyles,
Stephen C. Jacobson, J. Michael Ramsey, Anal. Chem.
2003, 75,2761-2767), micro-fabricated devices were
demonstrated integrating sample filtration. Filtering of the
sample was accomplished at the sample inlet with an
array of channels.
[0004] An invention relating to a microfluidic device
providing an optimized transport and guide of fluids is
already disclosed in Patent Application US
2003/0000835 A1 to Witt et al. A microchip that is capable
of mixing sample material in various portions is described
in U.S. Pat. No. 6,062,261 to Jacobson et al. DE 103 09
583 A1 to Schoppe et al. refers to a micro plate with an
integrated microfluidic system for parallel processing of
small fluid volumes. Microfluidic devices, systems and
methods of using the same, incorporating channel pro-
files aim for an improved fluid transport are disclosed in
U.S. Pat. No 5,842,787 to Kopf-Sil et al.

DISCLOSURE OF THE INVENTION

[0005] It is an object of the present invention to provide
an improved filtering of fluidic chemical and biological
materials being processed in microfluidic chip assem-
blies. This object is solved by the independent claims.
Preferred embodiments are shown by the dependent
claims.
[0006] Embodiments of the present invention address
the aforementioned needs in the art and provide a mi-
crofluidic chip assembly in which the chan nel or capillary
system has a filtering function.
[0007] Chemical or biological fluids which are subject-
ed to processes in microfluidic chips and which contain
particles from the very beginning when they are intro-
duced into the microfluidic chip system, or which form
particles due to chemical, physical or biological reactions
during their residence time in the system have to be fil-
tered in order to avoid blockage of the fluid flow and to
guarantee the reliability of results obtained by using these
chips. Thus it is desirable to retain particles.
[0008] The present invention provides a microfluidic

chip assembly wherein the channel comprises a kind of
filter or frit. The central improvement of the present in-
vention is to use the channel or capillary, which opens
into the well, itself as a filtering instrument at the chan-
nel/well interface or during the course of the channel(s).
This is achieved substantially by deformation of the chan-
nel in order to create different cross sectional shapes.
[0009] In one embodiment of the invention, only one
channel is shown, having substantially two different cross
sectional shapes, one of which being sized rather circular
or of any other form with an aspect ratio close to 1, thus
providing depth being big enough to guarantee the fore-
seen hydraulic flow of the fluid and allowing particles to
pass, the other one being sized so flat and wide, creating
a very shallow channel, that particles are retained but
the hydraulic flow of the fluid is maintained.
[0010] In another embodiment of the present invention
one main channel is split into several side channels form-
ing a "river delta", each of which side channels opening
into the well by which the fluid is introduced into the chan-
nel system. The cross sectional shapes are designed in
a way not to allow particles to pass.
[0011] In an additional embodiment of the present in-
vention one main channel is split into two side channels
shaping a "Y", each of which side channels opening into
the well by which the fluid is introduced into the channel
system, again realizing the filtering effect by designing
shallow channels causing the retaining of particles by
maintenance of the desired flow through.
[0012] As a further embodiment of the present inven-
tion, one "main" channel is shown, being deformed not
at the well/channel interface but during its course, in order
to retain particles, which have been formed in the channel
system during the process.
[0013] In a still further embodiment of the invention, a
method is shown according to which a chemical or bio-
logical fluid is introduced into a well of a microfluidic chip,
being filtered at the channel/well interface or in the course
of the channel, the filtering effect being achieved by de-
formation of the channels at the corresponding portions.
[0014] By the use of microfluidic chip assemblies with
filtering effects according to the present invention the life-
time of the microfluidic chip can be prolonged since par-
ticles having been retained within the well can be re-
moved by performing a cleaning step. Furthermore, the
reliability of experimental results can be optimized by
maintaining the initial setting of the microfluidic chip as-
sembly including the maintenance of a homogeneous
fluid flow.

BRIEF DESCRIPTION OF DRAWINGS

[0015] Other objects and many of the attendant advan-
tages of embodiments of the present invention will be
readily appreciated and become better understood by
reference to the following more detailed description of
preferred embodiments in connection with the accompa-
nied drawings. Features that are substantially or func-
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tionally equal or similar will be referred to with the same
reference signs. The Figures show:
[0016] FIG. 1a a cross sectional side view of a part of
a chip composed of two components, comprising one
well and a conventional channel,
[0017] FIG. 1b a plan view of FIG. 1a,
[0018] FIG. 1c a detail of FIG. 1 b: the cross sectional
shape of the channel,
[0019] FIG. 2a a cross sectional side view of a part of
a chip composed of two layers, comprising one well and
channel with substantially two differing cross sectional
shapes,
[0020] FIG. 2b a plan view of FIG. 2a,
[0021] FIG. 2c detail of FIG. 2b: the cross sectional
shape of the channel at the channel/well interface,
[0022] FIG. 2d a detail of FIG. 2b: the cross sectional
shape of the channel during its course,
[0023] FIG. 3a a plan view of another embodiment of
the present invention comprising well and channel as in
FIG. 1a, but with another design of the channel and chan-
nel/well interface, the "river- delta" design,
[0024] FIG. 3b an enlarged detail of FIG. 3a: the cross
sectional shape of the channel at the channel/well inter-
face,
[0025] FIG. 3c a detail of FIG. 3a: the cross sectional
shape of the channel in its course,
[0026] FIG. 4a a plan view of another embodiment of
the present invention comprising well and channel as in
FIG. 1a, but with another design of the channel and chan-
nel/well interface, the "Y" design
[0027] FIG. 4b an enlarged detail of FIG. 4a: the cross
sectional shape of the channel at the channel/well inter-
face,
[0028] FIG. 4c a detail of FIG. 4a: the cross sectional
shape of the channel along its course,
[0029] FIG. 5a a plan view of another embodiment of
the present invention comprising well and channel as in
FIG. 1a, the channel having different cross sectional
shapes in its course,
[0030] FIG. 5b a detail of FIG. 5a: the cross sectional
shape of the channel in a first portion of the channel,
[0031] FIG. 5c a detail of FIG. 5a: the cross sectional
shape of the channel in a second portion of the channel,
[0032] FIG. 5c a detail of FIG. 5a: the cross sectional
shape of the channel in a third portion of the channel.
[0033] Before the invention is described in detail, it is
to be understood that this invention is not limited to the
particular component parts of the chips described or to
process steps of the methods described as such chips
and methods may vary. It is also to be understood, that
the terminology used herein is for purposes describi ng
particular embodiments only and it is not intended to be
limiting. It must be noted that, as used in the specification
and the appended claims, the singular forms of "a", "an",
and "the" include plural referents until the context clearly
dictates otherwise. Thus, for example, the reference to
"an orifice" includes two or more such orifices being com-
prised in a channel design according to the present in-

vention; "a channel" or "the channel" may as well include
two or more channels, where it is reasonably in the sense
of the present invention.
[0034] In this specification and in the claims which fol-
low, reference will be made to the following terms which
shall be defined to have the herewith explained mean-
ings:
[0035] "Substantially two different cross sectional
shapes" means herein, that the transition portion be-
tween two different cross sectional shapes is not consid-
ered.
[0036] A "channel" comprises as well channels that are
micro- or nano sized, thus being capillaries.
[0037] A "well" is a cavity in a microfluidic chip serving
as reservoir for fluids.
[0038] A "caddy" is the cowl being mounted on the cav-
ity in order to help carrying fluids.
[0039] The present invention depicts an assembly of
a microfluidic chip, which is provided for subjecting chem-
ical or biological fluids to analysis or preparation steps.
A plurality of wells is comprised in the chip, serving as
reservoir for fluidic chemical and biological substances.
In order to transport the fluid from a well across the chip
to e.g. an analysis device, channels are generated within
the chip. The chip body substantially comprises a system
of microfluidic channels in a solid body or housing, which
is preferably planar and is made of quartz, glass, polymer
material or the like. The channels can be e.g. etched in
one of the planar plates, opening into the wells, thus link-
ing the wells with the corresponding device. The etched
structures are usually closed to form channels by bonding
another planar plate on the etched side of the first plate.
The chips can also be of multilayer structure, non-planar
and so on. As it is known from the art, the channel inter-
faces to the wells are of the same width and depth as the
further course of the channel, furthermore it is possible
that the channel narrows in its downstream sections.
[0040] The fluid which is processed in those microflu-
idic chips may occasionally contain particles such as dust
particles from the very beginning when it is introduced
into the well or particles may be formed due to chemical,
physical or biological processes during the residence
time of the fluid in the channel system.
[0041] The fluid is moved through the channel by
means of moving forces, providing a desired and preset
flow through. Since the fluid moves, defined hydrody-
namic and electrical conditions exist within the channel.
According to the present invention, blocking or partial
obstruction of the channel, or the channel cross section,
respectively, is avoided. Thus a significant change of hy-
drodynamic and electrical conditions within the channel,
which would otherwise lead to unreliable results, is pre-
vented.
[0042] Referring now to FIG. 1, a microfluidic chip,
which is an assembly composed of two parts, one of
which being a caddy 10 with well walls and the other one
being a chip plate 17 with one well 1 is shown. The caddy
10 has a drilling hole 14 that forms the sidewalls of the
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well 1, the bottom of which is formed by the chip plate
17. The well serves as reservoir for fluidic chemical
and/or biological materials, which may contain particles
7 from the very moment when the fluid is filled into the
well or which can form particles 7 during the subsequent
process. Each well 1 has an outlet being an orifice 3
which permits that the fluid flows from the well into a
channel 4.
[0043] FIGS 1b and 1c point out that the channel 4,
which opens into the well 1 has a homogeneous cross
sectional shape A, which is designed to permit the fluid
to pass the channel with a desired flow through rate. In
case of the presence of particles having a size that pre-
vents the particles to pass, blockage occurs partially or
completely.
[0044] Thus, filtering of the fluid must take place within
the device. FIG. 2a shows a first embodiment of the
present invention wherein the microfluidic chip is sub-
stantially built like the conventional microfluidic chip a
section of which is shown in FIGS. 1a, 1b, 1c, but instead
of the channel 4, a channel 4’, 4 with substantially two
different cross sectional shapes A and B is comprised.
The orifice 3 is the entry into a channel 4’, having a cross
sectional shape B which is being sized and wide, provid-
ing a shallow channel entry in order to retain particles 7
in the well; the width being that large that despite of the
filtering function, which is subsequently followed by par-
tial obstruction of this first portion 9 of the channel, the
flow cross section is large enough to remain partially
open, thus maintaining a desired flow through rate of the
fluid from the well through the entire channel. The first
portion 9 of the channel 4 transits at the transition portion
15 into a second portion of the channel 4, having cross
sectional shape A which is shaped rather circular or
semi-circular providing depth in order to lead to optimal
flow properties.
[0045] FIG. 2b shows a plan view of the device depict-
ed in FIG 2a, in connection with FIGS. 2c and 2d it is
pointed out how the cross sectional shape B of the first
portion 9 of the channel 4 at the orifice 3 differs from the
cross sectional shape A which is provided during the
course of the channel 4.
[0046] Referring now to FIG. 3a, it is shown a plan view
of another embodiment of the present invention depicting
a "main" channel 4, which splits at the junctions 12 into
"side" channels 4’, thus forming a "river delta" design. In
FIG: 3a, five orifices 3 can be counted, each having a
smaller cross sectional shape A than that of the "main"
channel 4, but having in total a larger cross sectional
shape than the main channel has.
[0047] FIGS. 3b and 3c show the shapes of the cross
sections at the orifices 3, channel 4’ respectively, and
during the course of the channel 4.
[0048] It has to be understood that the above embod-
iments give only examples for the cross sectional shapes
or for the design of the transition portion 15 or the junc-
tions 12. Any appropriate design to reach the aims of the
present invention can be used.

[0049] FIG. 4a shows again a plan view of an additional
embodiment of the device of the present invention. Here-
in, the "main" channel 4, which splits only into two "side"
channels 4’, forms a "Y". As can be seen in FIG.4b, which
gives a detail of FIG 4a, the "side" channel 4 widens and
flattens where the channel 4’ opens into the well 1. FIG.
4c indicates the cross sectional shape A of the "main"
channel 4 during its course. Again, the total of the two
cross sectional shapes B is larger than that of the "main"
channel 4.
[0050] As has been shown in the above FIGS. 3 and
4, a junction 12 within a channel 4 links two channels 4’
with the channel 4, thus forming a "Y", or it links more
than two channels 4’ at once, which is not shown in a
Figure, resulting in a "river delta" design. That means in
reverse, the "main" channel 4 can split into two or more
channels at once. Another possibility is, that one junction
12 links only two channels 4’ at once, but two - or more
- junctions 12 are located one after the other, leading to
five (FIG.3) or more "side" channels 4’, interfacing the
well in parallel.
[0051] Of course, other designs are possible. If a plu-
rality of orifices is arranged very close one next to the
other, a design originates that is similar to a lattice.
[0052] Referring to FIG. 5a, a further embodiment is
pointed out, showing the microfluidic device of the
present invention with a design, which is preferably used
when the particles 7 form due to chemical, physical or
biological processes during the passage of the device.
The plan view depicts an embodiment comparable to that
one of FIG. 1, but with the decisive difference, that the
channel 4 has three different cross sectional shapes A,
B, B’ in its course, what can be seen clearly in the details
shown in FIG. 5b, 5c and 5d. Only one channel 4 opens
into the well 1, being subdivided into three portions. Each
of which portions has a different cross sectional shape.
The first portion begins at the orifice 3, the cross section
has a flattened shape. The second portion is wider and
more flat than the forgoing first portion, its cross sectional
shape B doesn’t permit particles to pass and, thus, bears
the filter-function. The third and last portion has a rather
circular cross sectional shape, thus providing a deep
channel, and permits the filtered fluid to flow with an op-
timal flow velocity. The circumferences of the cross sec-
tions are nearly equal in this Figure, but it can be prefer-
able to choose larger circumferences for the cross sec-
tional shapes B or B’ in order.
[0053] In any of the embodiments, the circumferences
of a cross sectional shape A and a cross sectional shape
B, B’ can be unequal but at least two different cross sec-
tional shapes must be comprised.
[0054] Another possibility to obtain the filter effect as
pointed out in FIG.5 is to choose identical cross sectional
shapes, except of circular or nearly circular shapes, and
to arrange two or more adjacent portions 9,9’,9" in a way
that an appropriate displacement is created, resulting in
a filtering effect.
[0055] Of course, this channel design can be used for
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"main" channel 4 as well as for "side" channels 4’. Fur-
thermore it may be reasonable to locate a first portion of
a channel 4,4’ having a cross sectional shape A down-
stream to a first portion 9,9’ having a cross sectional
shape B, B’, but when the filtering effect is desired during
the course of the channel system since, for example, the
formation of particles takes place at a definite portion of
the channel due to environmental circumstances, it can
be reasonable to locate a portion of a channel 4,4’ having
a cross sectional shape B, B’ downstream to a portion
having a cross sectional shape A.
[0056] It has to be understood, that the composition of
the microfluidic chip as described above, bonding an up-
per and a bottom layer together, could also be a chip
composed of more than two layers or plates. The channel
discussed in the above embodiments is etched in the
bottom plate, but it can also be etched in the upper plate,
as far as the fluid can be moved from the well into the
channel. Other methods than etching are also possible
in order to create the channels.
[0057] The method for retaining particles 7 from fluidic
chemical and biological materials, which undergo
processing in a microfluidic chip, can be performed by
means of a microfluidic device according to the present
invention. It comprises introducing the fluidic chemical
and biological materials into a well 1 and moving it then
via an orifice 3 through a channel 4, 4’. The fluidic chem-
ical and biological substance flows through two or more
portions of the channel 4,4’, at least two of which having
different cross sectional shapes A, B, B’. Particles 7 car-
ried by the fluid are retained when the flow cross-section,
which has to be passed, is smaller than the size of the
particle 7, thus filtering is performed and the fluid main-
tains the flow velocity that is desired. It is substantial that
the cross-section area of the junction bearing the filtering
function or the total cross-section area of the orifices with-
in one such junction is larger than the cross-section of
the subsequent channel which is to be protected from
entering particles, so that the amount of particles, which
otherwise would significantly block the channel can only
block an insignificant part of the cross-section of the fil-
tering orifice, thus the behavior in the channel is not dis-
turbed.
[0058] The above method, which is performed by a
microfluidic device according to the present invention
prevents changes of the fluid flow due to blockage or
partial obstruction of the channels, thus hydrodynamic
and electrical conditions within the channel are main-
tained, and the reliability of the results is optimized.

Claims

1. Microfluidic chip assembly with one or more wells
(1) for the reception of fluidic materials which contain
particles (7) or form particles (7), each of which wells
(1) having at least one outlet permitting the fluidic to
move into at least one channel (4,4’),

wherein each of the at least one channel (4,4’) has
at least two portions having different cross sectional
shapes (A,B,B’), a first cross sectional shape (A) of
which is being sized in a way that some of the par-
ticles (7) are allowed to pass through and a second
cross sectional shape (B,B’) of which is being sized
in a way that some of the particles (7) are retained.

2. The chip of claim 1, wherein the at least one outlet
is at least one of an orifice (3) and the entry of a first
portion (9).

3. The chip of claim 1 or any of the above claims, where-
in the at least one channel comprises a first channel
(4) and a second channel (4’) and wherein each of
two or more orifices (3) is the entry of a portion (11)
of the first channel (4’) having a cross sectional
shape (B), which transits into the second channel (4).

4. The chip of claim 1 or any one of the above claims,
comprising at least one of the following features:

a. one junction (12) links at least two second
channels (4’) with the first channel (4), being
shaped as a "Y" or a "river-delta", the at least
two second channels (4’) opening into the well
(1);
b. one junction (12) links one second channel
(4’) with the first channel (4), at least two junc-
tions (12) being located one after the other;
c. one junction (12) links two second channels
(4’) with the first channel (4), at least two junc-
tions (12) being located one after the other.

5. The chip of claim 1 or any one of the above claims,
comprising at least one of the features:

a. the cross-section areas of the first cross sec-
tional shape (A) and the at least one second
cross sectional shape (B, B’) are unequal;
b. the cross-section areas of the at least one
second cross sectional shape (B,B’) is larger
than the circumference of the first cross section-
al shape (A).

6. The chip of claim 1 or any one of the above claims,
wherein the second cross sectional shapes (B,B’) of
two adjacent portions (9,9’) of the channel (4) are
identically and are arranged in a way to provide a
displacement of the portions (9,9’) of the channel
(4,4’).

7. The chip of claim 1 or any one of the above claims,
wherein at least one first portion (8) of the channel
(4,4’) having a first cross sectional shape (A) is lo-
cated downstream to a first portion (9,9’) having a
second cross sectional shape (B,B’).
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8. The chip of claim 1 or any one of the above claims,
comprising at least one of the features:

a. the at least one channel (4,4’) comprises three
or more portions (8,9,9’,11), at least two of which
having different cross sectional sizes (A,B,B’);
b. the at least one channel (4,4’) is a capillary;
c. the fluidic material is chemical and/or biolog-
ical material;
d. the total cross sectional shape of the second
cross sectional shapes (B,B’) is at least the
same size or greater than the first cross section-
al shape (A) or the total of the first cross sectional
shapes (A).

9. A method for retaining particles (7) from fluidic ma-
terials which are subjected to processes in a micro-
fluidic chip, in particular in a microfluidic chip of claim
1 or any one of the above claims, comprising:

introducing the fluidic chemical and biological
materials into at least one well (1) and moving
the fluidic materials via an orifice (3) through at
least one channel (4,4’),

wherein the fluidic materials flow through at least two
portions (8,9,9’,11) of the channel (4,4’) having at
least two different cross sectional shapes (A,B,B’),
a first cross sectional shape (A) of which is being
sized in a way that some of the particles (7) are pass-
ing through and a second cross sectional shape
(B,B’) of which is being sized in a way that some of
the particles (7) are being retained, the fluidic chem-
ical and biological materials therefore being filtered.

10. The method of claim 9, wherein the fluidic materials
are moved due to moving forces in order to achieve
predetermined flow velocity.
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