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FLUIDIC DEVICE CONTAINING 3D 
STRUCTURES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of currently pending 
U.S. application Ser. No. 1 1/669,351 filed Jan. 31, 2007, 
which claims priority to EP 06 022630.9 filed Feb. 9, 2006. 

FIELD OF THE INVENTION 

0002 The present invention refers generally to micro flu 
idic devices, and in particular to a 3D micro fluidic device 
comprising a laminate structure, and to a process for the 
production of such a 3D micro fluidic device. 

BACKGROUND OF THE INVENTION 

0003 Multilayer micro fluidic devices comprising at least 
one layer with fluidic paths or channels or fluidic structures 
that achieve two-dimensional (2D) hydrodynamic focusing 
(in plane directions) are known. These multilayer devices, or 
the individual layers, are produced by means of known tech 
niques such as, for example, etching, injection moulding, 
punching, and cutting. 
0004 For example, WO 01/25137 discloses the produc 
tion of modular 3-dimensional (3D) micro fluidic devices 
using a plurality of layers, most of which are produced and 
processed by etching processes known e.g. from photolithog 
raphy. Within the disclosed devices fluidic channels are 
arranged in a plurality of layers, the channels being intercon 
nected between the various layers thus creating a 3D fluidic 
network. 
0005 WO 99/19717 and U.S. Pat. No. 6,827,906 both 
disclose the production of 3D micro fluidic devices contain 
ing microstructure arrays. The transport of fluids through 
micro channels is achieved by means of electro osmotic flow 
or by means of electrophoresis. The micro fluidic devices are 
multilayer arrays, each layer being formed by a laminate 
continuously drawn from a roll and passed trough a process 
step for producing openings, reservoirs, flow channels, and 
the like. 
0006 Further, EP 1542 010 describes an analytical chip 
unit comprising various layers, through which a flow channel 
is extending. Through the flow channel, whose section is in 
closed shape, a fluid sample is made to flow for carrying out 
analyses regarding the fluid sample based on interaction 
between a predetermined substance and a specific Substance, 
which is placed facing said flow channel. The chip further has 
a projection member attached to said flow channel. It is con 
cluded that with the arrangement according to EP 1 542 010 
it becomes possible to analyse the fluid sample efficiently 
with high precision. 
0007. The disadvantage of known 3D microstructures and 
the processes for producing these 3D microstructures is that 
they can only by obtained by using various layers of 2D 
Substrates or by complex processes such as several etching 
processes. In other words, the production costs for the known 
3D microstructures are quite Substantial. 

SUMMARY OF THE INVENTION 

0008. It is against the above background that the present 
invention provides 3D micro fluidic structures having a 
simple architecture. The present invention further provides a 
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method of producing 3D micro structures for micro fluidic 
devices by means of which 3D structures can be obtained with 
reduced costs. 
0009. In a first aspect, the present invention concerns a 
process for producing a micro fluidic device. In one embodi 
ment, the method for producing a micro fluidic device com 
prises forming a structured pattern in a first Substrate layer 
comprising an anisotropic material, the structured pattern 
being in a plane with a surface of the first Substrate layer, and 
forcing the structured pattern out of the plane with the surface 
to form a 3-dimensional (3D) micro structure with the first 
substrate layer, the 3D micro structure being configured to 
influence flow of a fluid flowing through the micro fluidic 
device. 
0010. In a second aspect, the invention concerns a micro 
fluidic device. The micro fluidic device comprises a laminate 
structure comprising a plurality of individual layers of which 
a first layer comprises a micro fluidic channel structure, and a 
second layer comprising a 3D micro structure configured to 
influence a flow characteristic of a fluid within the micro 
fluidic channel structure is provided adjacent the first layer, 
the 3D structure being formed from a structured pattern of an 
anisotropic material. 
0011. These and other features and advantages of the 
present invention will be more fully understood from the 
following description of various embodiments of the present 
invention taken together with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The following detailed description of the embodi 
ments of the present invention can be best understood when 
read in conjunction with the following drawings, where like 
structure is indicated with like reference numerals and in 
which: 
0013 FIG. 1 is an exploded view of an embodiment of an 
micro fluidic device comprising four layers, 
0014 FIG. 2 shows schematically a manner of combining 
the four layers of FIG. 1 for producing the micro fluidic 
device, 
0015 FIG.3 shows schematically an embodiment of a 3D 
micro structure layer producible by deformation, 
0016 FIG. 4 shows a further embodiment of a 3D micro 
structure layer producible by deformation, 
0017 FIG. 5 shows a still further embodiment of a 3D 
micro structure layer producible by deformation, 
0018 FIG. 6 again shows yet another embodiment of a 3D 
micro structure layer producible by deformation, 
(0019 FIG. 7 again shows a further embodiment of a 3D 
micro structure layer producible by deformation, 
0020 FIG. 8 shows another embodiment of a 3D micro 
structure layer, 
0021 FIG. 9 shows an embodiment of an assembly of an 
micro fluidic device which includes the 3D micro structure 
layer of FIG. 8, 
0022 FIG. 10 shows a further embodiment of a 3D micro 
structure layer, 
0023 FIG. 11 again shows a further embodiment of a 3D 
micro structure layer, 
0024 FIG. 12 shows a further embodiment of a 3D micro 
structure layer, 
0025 FIG.13a shows an embodiment of a planar substrate 
layer planned as 3D micro structure layer comprising a pre 
structured Substrate, with spots of e.g. detection chemistry, 
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0026 FIG.13b shows the 3D micro structure layer of FIG. 
13a after forming, 
0027 FIG. 14 shows a further embodiment of producing a 
3D micro structure by cutting a substrate layer with an 
increased thickness, 
0028 FIG. 15 shows a further embodiment of a 3D micro 
structure based upon a Substrate layer with an enlarged thick 
ness, and 
0029 FIG. 16 shows again a further embodiment of a 3D 
micro structure based upon a Substrate layer with an enlarged 
thickness. 
0030 Skilled artisans appreciate that elements in the fig 
ures are illustrated for simplicity and clarity and have not 
necessarily been drawn to scale. For example, the dimensions 
of some of the elements in the figures may be exaggerated 
relative to other elements to help improve understanding of 
the embodiment(s) of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0031 Below and with reference to the following sche 
matic drawings abrief description of examples of devices and 
processes according to the present invention are disclosed. 
0032 FIG. 1 shows schematically an illustrative embodi 
ment of a construction of a micro fluidic device in exploded 
view and generally indicated by reference symbol 10. The 
microfluidic device 10 comprises at least four different layers 
Such as a first Substrate layer 1 comprising a micro fluidic 
channel structure 3 along which e.g. a fluid flows, such as a 
fluid sample to be treated in a predetermined manner trough 
various sections, compartments, reservoirs, and the likes. 
Next to the first substrate layer 1 with the micro fluidic chan 
nel structure 3, a second Substrate layer 11 is shown compris 
ing a 3D micro structure which is generally indicated by 
reference symbol 8 and formed from extending or projecting 
parts 13 unflattened or erected out of plane from a surface 9 of 
the second substrate layer 11. These individual out of plane 
projecting parts 13 of the 3D micro structure 8 are designed to 
influence the flow characteristics of a fluid, such as a fluid 
sample, moving through the micro fluidic channel structure 3 
within the first Substrate layer 1 to guarantee e.g. appropriate 
mixing of the fluid sample while flowing through the channel 
structure 3, dissolving of solid components within the fluid, 
influencing the flow resistance, and the likes. 
0033. As further shown, on non-facing sides of the two 
substrate layers 1 and 11a top layer 31 and a base layer 21 are 
provided, respectively, to finish the micro fluidic device 10. 
Within the top layer 31 an inlet opening 33 and an outlet 
opening 35 are provided for the introduction of the fluid 
sample and for collecting the finally treated, reacted and/or 
analyzed test sample, respectively. 
0034. In FIG. 2 it is schematically shown how the four 
layers 1, 11, 21 and 31 can be combined e.g. by laminating the 
individual layers. 
0035. In one embodiment, the 3D micro structure 8 is 
produced first independently out of a suitable planar or 2D 
Substrate Such as e.g. a film, foil, or sheet comprising a mate 
rial(s) selected from metals, polymers, fibers, composites, 
etc., and combinations thereof, according the inventive 
method and afterwards combined with the other layers to 
form the mentioned micro fluidic device 10. In another 
embodiment, the 3D micro structure 8 is produced in corre 
spondence with the design of the micro fluidic channel 3. 
0036. With reference to the further figures, methods for 
structuring and forming the Substrate to produce the 3D micro 
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structure 8 shall be described in detail. Common to all meth 
ods is that first substrate layer 11 is structured by using a 
suitable method to create the basic form or structured pattern 
12 of the projecting parts 13 in their pre-erected or flattened 
State. 

0037. Afterwards, according to one embodiment, the first 
substrate layer 11 is formed so that the flattened, structured 
pattern 12 of the projecting parts 13 are forced out of plane 
with the surface 9 of the first substrate layer 11 to achieve the 
erected 3D micro structure 8. For patterning or structuring the 
structured pattern 12 in the first substrate layer 11, various 
known methods are Suitable such as e.g. etching, laser cutting, 
conventional cutting, punching, micro structured cutting by 
using a cutting role, and the likes. The forcing or deformation 
of the extending part 13 out of plane with the surface 9 of the 
first substrate layer 11 after providing the structured pattern 
12 can be done either mechanically or thermally or by using 
other suitable methods. 
0038 Basically, in one embodiment a planar substrate is 
used for the first substrate layer 11, which in one embodiment 
has anisotropic, direction dependent properties. As used 
herein, the term “anisotropic, direction dependent proper 
ties.” means properties responsible for creating a direction 
force which in one embodiment is perpendicular to the sur 
face 9 of the first substrate layer 11 for the out of plane 
deformation of the created structured pattern 12. In one 
embodiment, the anisotropy within the first substrate layer 11 
is such that by applying a respective force to the structured 
pattern 12, the projecting parts 13 are forced to erect on the 
same side of the first substrate layer 11. In other embodi 
ments, the anisotropy within the first substrate layer 11 may 
be such that a portion of the projecting parts 13 erect from the 
structured pattern 12 on different sides of the first substrate 
layer 11, if desired. 
0039 For example, in one embodiment, the first substrate 
layer 11 can have on opposite side materials of different 
modules of elasticity, bending strength, orthermic elongation 
coefficients to provide the desired the anisotropy within the 
first substrate layer 11. In one embodiment, the materials can 
be separate material layers, Surface coatings, and combina 
tions thereof. In still other embodiments, the substrate mate 
rial has other differing physical properties on both sides such 
as e.g. different thermic conductivity of the substrate which 
can lead to different thermic forming response of each side of 
the first substrate layer 11 to applied heat to provide the 
desired anisotropy within the first substrate layer 11. In still 
other embodiments, the use on opposite sides of the first 
substrate layer 11 of materials with different electric conduc 
tivity properties can be provided, so that by applying a current 
different heating is achieved on both sides of the first substrate 
layer 11 which can also lead to different thermal forming, 
thereby providing the desired anisotropy within the first sub 
strate layer 11. 
0040. In one embodiment, a possible deformation tech 
nique is mechanical forming, which is shown with respect to 
the following FIGS. 3 to 7. FIG. 3a shows the first substrate 
layer 11, in which respective structured patterns 12 are cre 
ated by a suitable method e.g. cutting. By applying a defor 
mation force the structured patterns 12 are forced out of a 
surface plane, indicated by reference symbol 11", of the first 
Substrate layer 11 for creating extending parts 13 as shown in 
FIG. 3b. The deformation can be achieved e.g. by a simple 
bending movement of the first substrate layer 11, such as for 
example, by forcing the first substrate layer 11 over a roll oran 
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edge, or by applying a distortion force, and the likes. It is to be 
appreciated that the 3D micro structure 8 comprising the 
projecting parts 13 in one embodiment is flattenable in the 
plane 11' with a surface of substrate 11 but due to the physical 
properties of the substrate 11 and the subsequent response of 
the substrate 11 to the forcing, the projecting parts 13 will 
remain normally erected out of the surface plane 11" thereaf 
ter 

0041. In a similar manner again by a mechanical deforma 
tion the 3D micro structures 8 comprising projecting parts 13 
as shown in FIG.4b and FIG.5b can beachieved starting from 
the respective flattened structured pattern 12 as shown in 
FIGS. 4a and 5a. 

0042. Again a mechanical deformation is responsible to 
achieve the 3D micro structures 8 comprising projecting parts 
13 as shown in FIGS. 6b and 7b, where instead of a bending, 
torsion, or distortion force an expansion force can be applied 
according the two arrows k as shown in FIG. 6b. The basis 
for the 3D micro structure 8 again is a plane 2D substrate, 
such as the first substrate layer 11, within which respective 
patterned structures 12 are created, as shown in FIGS. 6a and 
7a. But of course in another embodiment, instead of an elon 
gation force again a bending force could be applied which 
especially is possible for producing the 3D structure accord 
ing FIG.7b. 
0043. In still other embodiments, such as for example as 
shown in perspective view, a 3D micro structure 8 is created 
by providing projecting parts 13 on the first substrate layer 11. 
0044 FIG.9 shows an another illustrative embodiment of 
an assembly of a micro fluidic device 10 corresponding to the 
devices as shown in FIGS. 1 and 2. The micro fluidic device 
10 in this embodiment includes the second substrate layer 1, 
within which a pattern of the micro fluidic channel structure 
3 is arranged. The micro fluidic channel structure 3 consist of 
various channels, reservoirs, mixing areas, and the likes. To 
influence the flow of a sample flows along the path of the 
channel structure 3 a further layer 15 arranged with the first 
substrate layer 11 comprising the 3D micro structure 8 is 
provided. Finally the micro fluidic device 10 according FIG. 
9 comprises a base layer 21 and a top layer 31, the latter 
comprising inlet and outlet openings 33 and 35, respectively. 
In other embodiments, instead of only one first substrate layer 
11 comprising the 3D micro structure 8, further first substrate 
layers 11 comprising the same or different patterns for the 3D 
micro structure 8 could be arranged on the further layer 15 to 
influence the flow of the fluid sample along the path of the 
channel structure 3. 

0045. In still other embodiments, instead of mechanically 
or thermally working the first substrate layer 11 to achieve the 
3D micro structure 8, it is also possible to produce such 3D 
micro structures by treating or processing one side of the first 
Substrate layer 11 by means of special tools as e.g. shaping 
tools to get a shaped structure 17 and 18 as shown schemati 
cally in FIGS. 10 and 11. In FIG. 10 crosswise grooves 17 are 
shown and in FIG. 11 broken transverse grooves 18. The 
distance between the grooves maybe e.g. 10-100 um and the 
depths of the grooves may be e.g. 30 Lum. Typically, the angle 
of the grooves in FIG. 11 may be e.g. 45°. 
0046. In another embodiment, instead of grooves it is also 
possible to have so called pillar arrays 19 as schematically 
shown in FIG. 12. Those pillar arrays maybe produced e.g. by 
etching according the process as used in photolithography. 
The distance between the individual pillars 19 may be e.g. 

Sep. 15, 2011 

200 um, the diameter of the pillars may be e.g. 100 um, and 
the altitude of each individual pillar may be e.g. 50 lum. 
0047. The shown 3D micro structures with reference to the 
FIG. 1 till 12 are generally used for micro fluidic devices. The 
3D micro structures are in one embodiment used in devices 
with a layered architecture which means devices with various 
layers. As described with reference to FIGS. 1, 2 and 9, these 
devices are comprising a basis as bottom or base layer, a top 
layer, one or more layers with micro fluidic paths and one or 
more layers with the inventively described 3D micro struc 
ture. 

0048. The devices of the invention can in various embodi 
ments be used as follows. 
0049 Mixing structures, e.g., so called herring bones, for 
homogenising a sample liquid with one or more solvents 
and/or reagents or for mixing two or more components or for 
forcing a specific flow rate of the sample liquid or for chang 
ing the flow resistance with in the channels. 
0050 Dissolving structures which are structures which 
can cause a mass transfer in a perpendicular direction in 
respect to the flow direction of the sample liquid so that it can 
be achieved, that a e.g. dried up component Sticking to the 
channel bottom of the micro fluidic channel can be homoge 
neously distributed over the whole channel Square section. 
Furthermore by using the 3D micro structure it can be 
achieved in general that a solid component within the fluid 
channels can be better dissolved by a liquid sample or a dried 
component within the channel can be wetted and again be 
dissolved by using a solvent. 
0051. Another effect of using the 3D micro structures is to 
influence the flow rate, the flow velocity or the flow resis 
tance, respectively offluid moving in a channel and to achieve 
a specific flowing profile within the micro fluidic channel. 
0.052 E.g. dried up components within the middle of a 
channel structure can be dissolved by using 3D micro struc 
tures without the danger, that influenced by capillary forces 
the components will be accumulated at the walls of the chan 
nel structure. Once accumulated components can only be 
extracted with difficulty from walls, as there the flow velocity 
is reduced due to a parabolic flow profile. 
0053 Dissolving structures as e.g. a pillar array as shown 
in FIG. 12 can promote the dissolving of a dried up compo 
nent within a channel, as the dried up component is not dried 
in the form of a compact volume. Due to the 3D micro 
structure as the pillar array the dissolving area with the dried 
up component offers a plurality of contacting points for the 
Solvent and, therefore, the dried up component can be faster 
dissolved as in case, that there is no structure. 
0054. A further application is a micro optic application by 
creating a so called micro mirror array to achieve confocal 
optical detection within a micro fluidic channel. In that 
respect we refer to FIGS. 13a and 13b where another specific 
3D micro structure is schematically shown. In FIG.13a on a 
first substrate layer 11 a triangle like structured pattern 12 is 
shown comprising at the peak of each triangle a detection spot 
14. By applying a bending or torsion force the individual 
triangles 12 are forced out of the surface plane 11' to create 
upwards bended triangle like projecting parts 13 comprising 
at each peak the detection spot 14. By applying a special 
illumination procedure, e.g. a light beam in a specific angle to 
the projecting parts 13 the light maybe reflected from the 
detection spots 14, so that the background signal of parts 
which are not bent gets reduced. Another way to reduce the 
background signal of the parts which are not bent is to focus 
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with the detection optics on the bended portions only in a 
confocal way meaning that all the light out of the focus gets 
masked out. 
0055. By positioning each of the detection spots 14 such as 
only a part of the spotted area covers the bended portion, the 
active spot size (the part of the spot on the bended position) 
can be reduced in comparison to the total spotted area. This 
allows to create small active spots without the need to reduce 
the total size of the spotted area. 
0056. The fluid sample to be analyzed in the present inven 
tion can be e.g. a prepared human or animal body fluid Such as 
e.g. blood. 
0057. A further possibility to create a 3D micro structure is 
by using a first Substrate layer 11 having a layer thickness 
which is in one embodiment relatively larger than the thick 
ness of e.g. the second Substrate layer 1 comprising the micro 
fluidic channel structure 3. Respective examples of layers 
with an enlarged relative thickness are shown in FIGS. 14 to 
16. Within a substrate 41 with an enlarged thickness, struc 
tured patterns 42 are created, e.g. by using a cutting knife, 
which are shown in FIG. 14a. By punching out the created 
structured patterns 42, holes 49 within the substrate layer 41 
are created as shown schematically in FIG. 14b. In a similar 
manner, micro structured 3D patterns 44 and 46 are created as 
shown schematically in FIGS. 15 and 16. Again the substrates 
as shown in FIGS. 14 to 16 can be combined with layers 
containing micro fluidic channels to produce micro fluidic 
devices similar to those described in FIGS. 1, 2 and 9. It goes 
without saying that the structures as shown in FIGS. 14-16 
can influence the flow of a liquid sample within a channel or 
path within a micro fluidic layer being placed next to the 3D 
structure e.g. on top of the 3D structure. 
0058 Agreat advantage of the present invention is that the 
3D micro structures of a micro fluidic device have not to be 
aligned in a very precise and exact manner in relation to the 
channel containing layer. A 3D micro structure can be pro 
duced independently from channel containing structure. The 
two structures can then later be put together with an overlap of 
the two layers. This reduces the requirements for the align 
ment of the two layers during the assembly of the complete 
microfluidic device. 
0059 FIGS. 1 to 16 only show and describe examples of 
3D micro structures and of micro fluidic devices using an 
inventive 3D micro structure, and other designs and other 
combinations to produce micro fluidic devices are possible. 
Important is, that the 3D micro structure is produced within 
an individual layer and combined with other layers to a micro 
fluidic device. With other words, there is no need to build up 
various layers on one Substrate e.g. using a plurality of etch 
ing steps as known e.g. in photolithography technique. Fur 
thermore, not a plurality of layers have to be used to achieve 
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the 3D structure, but the 3D structure is achieved by using one 
layer followed e.g. by a mechanical or thermal process as 
described above. Instead of a mechanical, thermal or chemi 
cal treatment it is also possible to use a Substrate layer with an 
enlarged thickness to achieve the 3D structure. 
0060. By using the inventive method and the inventive 3D 
structures it is possible to achieve in a simple manner 3D 
multifunctional micro structures without the need to build up 
various layers by using masks as known within the state of the 
art. By using the 3D micro structures according to the present 
invention, lower production costs are possible for the produc 
tion of micro fluidic devices. Furthermore according the 
demands of flow, flow rate, micro fluidic function, use of 
various fluid samples, use of dry components, chemical reac 
tions, etc., the 3D micro structures can be individually 
adapted in relation to the micro fluidic channels or the func 
tion of the structures. 
We claim: 
1. A micro fluidic device comprising a laminate structure 

comprising a plurality of individual layers of which: 
a first layer comprises a micro fluidic channel structure, 

and 
a second layer comprising a 3D micro structure configured 

to influence a flow characteristic of a fluid within the 
micro fluidic channel structure is provided adjacent said 
first layer, said 3D structure being formed from a struc 
tured pattern of an anisotropic material. 

2. The micro fluidic device of claim 1, wherein said 3D 
micro structure comprises projecting parts of the structured 
pattern of the anisotropic material erected out of a surface 
plane of said second layer. 

3. The micro fluidic device of claim 1, wherein said second 
layer has an increased thickness relative to said first layer. 

4. The micro fluidic device according to claim 3, wherein 
said 3D micro structure comprises holes formed by punching 
out said structured pattern from said second layer. 

5. The micro fluidic device of claim 1, further comprising 
a base layer and a top layer, at least one of the base layer and 
the top layer comprising an inlet opening and an outlet open 
ing, each of the openings being influidic communication with 
said micro fluidic channel structure. 

6. The micro fluidic device of claim 1, wherein said second 
layer has different material properties on the opposite sides 
thereof. 

7. The micro fluidic device of claim 1, wherein said 3D 
micro structure comprises projecting parts erected out of a 
Surface plane of said second layer, and detection dots pro 
vided at ends of said projecting parts, such that said detection 
dots provide confocal-optical detection within said micro 
fluidic channel structure. 
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