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Description

Field of the Invention

[0001] The present invention is generally comprised
within the field of flexible polymeric devices and specifi-
cally within the field of polymeric micro/nanofluidic devic-
es integrated with flexible electronic and micromechan-
ical components.

State of the Art

[0002] The first microfluidic structures were developed
at the start of the 1990s (Darwin R. Reyes, Dimitri lossi-
fidis, Pierre-Alain Auroux and Andreas Manz. Micro Total
Analysis Systems. 1. Introduction, Theory, and Technol-
ogy. Anal. Chem. 2002, 74, 2623-2636). These struc-
tures were manufactured using materials such as silicon
and glass due to the fact that the techniques for micro-
manufacturing on these substrates were developed by
the microelectronics industry. The field of application of
these devices with the best prospects is in new biochem-
ical analysis applications and the highly accurate delivery
of different types of drugs. Disposable single-use devices
are necessary for most of these applications. Silicon and
glass are expensive materials for these types of applica-
tions, which require larger devices than microelectronic
devices, due to, both the cost of the material and the
cost associated to the manufacturing processes, espe-
cially slow and expensive in the case of glass. For this
reason, techniques for manufacturing in polymers with
microchannels, such as the microreplication (hot em-
bossing) process, the microinjection and the microma-
chining thereof, have been developed in the last few
years. New sealing processes for sealing microchannels
in polymers such aslamination and melt-sealing, a critical
step in the manufacture of these devices have also been
developed (Holger Becker, Laurie E. Locascio "Polymer
microfluidic devices" Talanta 56 (2002) 267-287). Fur-
thermore, most polymers have a higher level of biocom-
patibility than silicon and glass (Gabriela Voskerician et
al. Biocompatibility and biofouling of MEMS drug delivery
devices. Biomaterials 24 (2003) 1959-1967).

[0003] During the last few years, certain applications
such as the drug delivery [S. Zafar Razzacki. Integrated
microsystems for controlled drug delivery. Advanced
Drug Delivery Reviews 56 (2004) 185-198] or electro-
spray ionization for applications in mass spectroscopy
(Philippe Schmitt-Kopplin. Capillary electrophoresis-
mass spectrometry: 15 years of developments and ap-
plications. Electrophoresis 2003, 24, 3837-3867) (Steve
Arscott et al. A planar on-chip micro-nib interface for Na-
noESI-MS microfluidic applications. J. Micromech. Mi-
croeng. 14 (2004) 310-316) have created the need to
develop microfluidic structures with a very small thick-
ness (between 50 to 250 microns) that in many cases
are flexible and have a high resolution. In some cases,
these devices must have resolutions in nanometric di-
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mensions.

[0004] Microfluidic structures manufactured in sub-
strates with a thickness between 50-250 microns have
recently been manufactured, using silicon substrates
with a thickness of 500 microns (Sparks US Patent No
6844213 B2 Jan. 18, 2005). Silicon is photolithographed
and etched by means of classic microelectronic manu-
facturing techniques, until creating structures with small
thicknesses that incorporate microfluidic channels and
metal electrodes therein. Other similar developments
have included micromechanical fluidic control elements
manufactured in silicon (D. Papageorgiou. A shuttered
probe with in-line flowmeters for chronic in vivo drug de-
livery. Proceedings of IEEE MEMS 2001. 212-215)
[0005] As has been mentioned above, for many of
these applications, silicon is not a suitable material due
to the cost of the material and its level of biocompatibility
as well as to the extreme brittleness of such thin silicon
structures. During the last few years, the new technolo-
gies on polymeric materials have been modified to ob-
tained thinner structures and with a higher degree of flex-
ibility. Technologies have thus been developed on ma-
terials such as Polymides (PI) [S. Metz et al. Polymide-
based microfluidic devices. Lab Chip, 2001, 1, 29-34],
Benzocyclobutene (BCB) 1 (Keekeun Lee et al. Biocom-
patible benzocyclobutene-based intracoridal neural im-
plant with surface modification. J. Micromech. Microeng.
15 (2005) 2149-2155), Parileno (Shoji Takeuchi, D. Ziel-
gler, Y Yoshida, K. Mabuchi and T. Suzuki. Lab Chip,
2005, 5,519-523) and SU-8 (Patrick Abgrall etal. A novel
fabrication method of flexible and monolithic 3D micro-
fluidic structures using lamination of SU-8 films. J. Micro-
mech. Microeng. 16 (2006) 113-121) (Santeri Tuomiko-
ski. Free-standing SU-8 microfluidic chips by adhesive
bonding and release etching. Sensors and Actuators A
120 (2005) 408-415).

[0006] The techniques for manufacturing these micro-
fluidic structures in polymers are based on creating mi-
crofluidic channels by means of different techniques,
such as those of planar microelectronic manufacture
(photolithography, depositing of thin sheets and wet and
dry etching), micromachining by laser or microreplication
on the polymeric material. The microfluidic channels are
sealed and encapsulated using specific sealing tech-
niques such as melt-sealing (bonding) or microlamina-
tion. These flexible polymeric microfluidic devices must
be transported in a rigid support for the manufacture
thereof. They must be deposited and process on these
rigid substrates (mainly silicon). Once the manufacture
of the polymeric structures has ended, they are released
from the substrates on which they have been processed.
[0007] In the case of microfluidic devices created in
BCB and P, the devices developed must receive special
treatments to provide these structures with greater rigid-
ity, due to the excessive flexibility of these materials in
such small thicknesses (Keekeun Lee. Biocompatible
benzocyclobutene-based intracortical neural implant
with surface modification. J. Micromech. Microeng. 15.
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2005. 2149-2155) (Kee-Keun Lee. Polymide-based in-
tracortical neural implant with improved structural stiff-
ness. J. Micromech. Microeng. 15.2004. 32-37). In these
works, one of the rigid substrates (silicon) supporting the
structures during the manufacture has been maintained.
This substrate is etched by means of dry plasma etching
techniques, to leave a thin layer of silicon of about 20
microns, below polymeric structures. The device thus has
greater rigidity. This solution is slow and expensive, in-
creasing the cost of the materials used and the associ-
ated manufacturing process.

[0008] Duringthe lastfew years, new microfluidic tech-
nologies have been developed using the thermosetting
polymer SU-8 (US Pat. 4, 882,245, Nov 21, 1989). SU-
8 is a material having good biocompatibility (Gabriela
Voskerician et al. Biocompatibility and biofouling of
MEMS drug delivery devices. Biomaterials 24 (2003)
1959-1967). Furthermore, it is one of the most suitable
materials for applications in the microfluidics field given
its high versatility when manufacturing microfluidic chan-
nels of different sized and due to its excellent chemical,
optical and mechanical properties [Despont M, Lorennz
H, Fahrni N, Brugger J, Renaud P and Vetiger P 1996
High aspect ratio, ultrathick, negative-tone near-UV pho-
toresist for MEMS applications Proc. IEEE’96 (San Di-
ego, CA, Jan. 1996) pp 162-7]. It is important to empha-
size that the manufacture of the SU-8 polymer is com-
patible with the lines for manufacturing microelectronic
integrated circuits (CMOS), which opens up the possibil-
ity of their mass production.

[0009] SU-8 has been used in the last few years in
many microfluidic applications, among which those of
miniaturized electrophoresis devices (M. Aguirregabira
et al. Sodium dodecyl sulfate-capillary gel electrophore-
sis of proteins in microchannels made of SU-8 films. In
preparation for the Electrophoresis journal) or of electro-
spray ionization (Steve Arscott et al. A planar on-chip
micro-nib interface for NanoESI-MS microfluidic applica-
tions. J. Micromech. Microeng. 14 (2004) 310-316) must
be emphasized. Given the fact that SU-8 does not need
treatments to improve its rigidity, and that it is flexible
enough for many of the mentioned applications, it is one
of the materials with the best prospects for the develop-
ment of commercial devices.

[0010] New techniques have been developed for man-
ufacturing free and flexible microfluidic devices based on
SU-8 (Patrick Abgrall et al. A novel fabrication method
of flexible and monolithic 3D microfluidic structures using
lamination SU-8 films. Journal of Micromechanc and Mi-
croeng. 16 1113-121) (Santeri Tuomikoski et al Free-
standing SU-8 microfluidic chips by adhesive bonding
and release etching. Sensors and Actuators A 120. 2005.
408-415). In these manufacturing technologies, non-po-
lymerized layers of SU-8 have been used for sealing the
microfluidic channels, a critical step in the manufacturing
process of this material. Due to this, the polymerization
and developing process necessary for obtaining micro-
fluidic devices is carried out once the sealing of the chan-
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nels has ended. This can cause a considerable contam-
ination of the devices during the curing and developing
process. Inthe case of the development of Patrick Abgrall
et al, the microfluidic channels cannot have sealing cov-
ers greater than 50 microns, which limits the use pres-
sures of the devices. In addition, due to the viscous (non-
polymerized) state of the material during the sealing proc-
ess (which is carried out applying pressure and temper-
ature), the possibility of the microchannels collapsing and
being deformed due to the flow of the polymer in viscous
state is very high. This makes it difficult to design the
microfluidic channels and worsens the definition thereof.
The structures are seriously limited in thickness and dis-
tance between adjacent channels. In the process devel-
oped by Santeri Tuomikoski et al, the process for releas-
ing the SU-8 structures in the rigid substrate must be
carried out with aggressive chemical etching agent such
as hydrofluoric acid. The work mentions that said chem-
ical etching agents can etch the structures which have
been previously formed, reducing the quality thereof.
[0011] It is important to emphasize that none of the
mentioned polymeric technologies has incorporated mi-
cromechanical control elements in their manufacturing
processes.

[0012] There is therefore a need to develop polymeric
microfluidic devices the resolution and definition of which
is not limited by their manufacturing process, nor is there
the possibility of contamination during the manufacture,
which do not give bioincompatibility reactions and that
the manufacturing process has a low cost.

Description of the Invention

[0013] The present invention relates to a method for
manufacturing micro/nanofluidic devices that incorpo-
rate overhanging micromechanical and metal compo-
nents monolithically integrated with the fluidic circuitry,
by means of the sealing of previously polymerized and
structured layers. These layers are subsequently re-
leased from the substrate without the need for chemical
etching, said manufacturing method further allows man-
ually cutting the devices, such that it solves the problems
existing in the state of the art.

[0014] Thus, a first aspect of the present invention re-
lates to a method for manufacturing micro/nanofluidic de-
vices comprising:

a) depositing a thermosetting polymeric photoresin
(3) on two substrates of polymeric material (2) cov-
ering the surface of two independent substrates (wa-
fer 1) and (wafer 1°).

b) photolithographing at low temperature the layers
of thermosetting polymeric photoresin (3) deposited
in step a)

c¢) depositing the metal type components in at least
one wafer

d) microstructuring the metal components deposited
in step c)
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e) depositing a layer of thermosetting polymeric pho-
toresin (3) on wafer 1’

f) photolithographing and developing at low temper-
ature the thermosetting polymeric photoresin depos-
ited on wafer 1’

g) sealing at low temperature the wafers 1 and 1’
obtained by means of superimposing them with the
surfaces of the photoresin facing one another

h) releasing the micro/nanofluidic structures from the
substrates of biocompatible polymeric material

i) cutting the devices

[0015] In a particular embodiment of the present in-
vention, the thermosetting polymeric photoresin is pref-
erably an epoxy resin. In a more particular embodiment,
the thermosetting polymeric photoresin is SU-8.

[0016] When the present invention refers to SU-8, ref-
erence is made to a polymeric resin with an epoxy base,
reference is specifically made to a chloromethyloxirane
formaldehyde 4,4’-(1-methylethylidene)bis-phenol poly-
mer.

[0017] In a particular embodiment of the present in-
vention, the thermosetting polymeric photoresin is de-
posited on the rigid and independent substrates of bio-
compatible polymeric material by means of spinning de-
positing techniques.

[0018] In a particular embodiment of the present in-
vention, step a) of depositing the thermosetting polymeric
photoresin on the two rigid and independent substrates
of biocompatible polymeric material covering the surface
of the wafers 1 and 1’ is repeated at least once to reach
a greater thickness of the layer of photoresin. In a more
particular embodiment of the present invention, the thick-
ness of the deposited layer of thermosetting polymeric
photoresin is 20 and 35 microns.

[0019] In a particular embodiment of the present in-
vention, the rigid and independent substrates of biocom-
patible polymeric material can be, for example: methacr-
ylate (PMMA), zeonex, zeonor, kapton, Pl, PET, mylar,
or any polymeric material known by a person skilled in
the art having low adherence with the thermosetting pho-
toresin.

[0020] In a particular embodiment of the present in-
vention, the photolithography at low temperature of step
b) and/or of step f) is carried out at temperatures below
the glass transition temperature of the polymer, the tem-
perature at which the photolithography is carried out is
preferably comprised between 80-95°C. In a particular
embodiment, the photolithography at low temperature is
carried out by means of illumination, more particularly
the illumination is with ultraviolet light.

[0021] In a particular embodiment of the present in-
vention, the photolithography at low temperature carried
outin wafer 1 is carried out by means of applying discon-
tinuous illumination on the surface of the thermosetting
polymeric photoresin.

[0022] In a particular embodiment of the present in-
vention, the photolithography at low temperature carried
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out in wafer 1’ is carried out by means of applying con-
tinuous illumination on the entire surface of the thermo-
setting polymeric photoresin.

[0023] In a particular embodiment of the present in-
vention, after the photolithography of step b), the metal
components (4) are deposited on wafer 1°.

[0024] Whenthe presentinvention referstometal com-
ponents, reference is made to conductive metal compo-
nents, such as for example, gold, chromium, aluminium,
titanium, and/or ferromagnetic components such as for
example nickel, cobalt, etc.

[0025] When the presentinvention refers to the micro-
structuring of the metal components, reference is made
to microstructuring techniques known by a person skilled
in the art such as for example, cathode sputtering, wet
and dry etching, electrodeposition.

[0026] In a particular embodiment of the present in-
vention, step e) of depositing the layer of thermosetting
polymeric photoresin on wafer 1’ is repeated at least
once.

[0027] In a particular embodiment of the present in-
vention, there is a step prior to step g), in which over-
hanging micromechanical structures are made.

[0028] In the context of the present invention, the term
"overhanging micromechanical structures" relates to el-
ements suspended by means of at least one anchoring
and with at least one degree of freedom of movement.
[0029] In a particular embodiment of the present in-
vention, the sealing at low temperature of wafers 1 and
1’is carried out at temperatures below the glass transition
temperature of the polymer, the temperature at which the
photolithography is carried out is preferably comprised
between 80-120°C

[0030] In a particular embodiment of the present in-
vention, the micro/nanofluidic structures of step h) are
released by means of ultrasound in an alcohol bath.
[0031] In a particular embodiment of the present in-
vention, the micro/nanofluidic devices of step i) are cut
manually.

[0032] Inthe context of the present invention, the term
"micro/nanofluidic devices" relates to devices containing
microchannels (6) with dimensions comprised between
500 microns and 500 nanometers, such as for example,
microcannulas, devices for clinical diagnosis, micromix-
ers, electrophoresis chips, electrospray chips, etc.
[0033] Asecondaspectofthe presentinventionrelates
to a micro/nanofluidic device obtained by a previously
described method and comprising at least one micro/na-
nofluidic channel. In a particular embodiment, the thick-
ness dimensions of the device are comprised between
500 microns and 500 nanometers. In a particular embod-
iment, the micro/nanofluidic channels comprise dimen-
sions between 5 and 500 microns in width and between
1 and 500 microns in height. In a particular embodiment
the micro/nanofluidic channels comprise between 10 and
200 microns in height.

[0034] In a particular embodiment, the micro/nanoflu-
idic device can comprise microchambers with dimen-
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sions comprised between 1 and 5 mm in width and be-
tween 20 and 180 microns in height.

[0035] In a particular embodiment of the present in-
vention, the micro/nanofluidic device comprises metal
type components, in a particular embodiment the metal
type components are conductive metals or ferromagnetic
metals.

[0036] In a particular embodiment, the metallic type
components are microelectronic components such as for
example sensors, electrodes.

[0037] A third aspect of the present invention relates
to the use of a previously described micro/nanofluidic
device for clinical diagnosis, medicinal product delivery,
fluid extraction, neural prostheses, electrophoresis
chips, microcannulas, microprobes.

Description of the Drawings

[0038]

Figure 1 shows a general diagram of the method for
manufacturing the micro/nanofluidic devices

Figure 2 shows details of microchannels with differ-
ent dimensions

a) 20 x 50
b) 60 x 50
c) 90 x 50

Figure 3 shows a perspective view of the microfluidic
microdevices with incorporated micromechanical
structures

Figure 4 shows a detail of the overhanging micro-
mechanical structures

Figure 5 schematically shows an electrophoresis
chip

Figure 6 shows the result of the injection and the
separation of two proteins after applying voltage
through the electrodes of the device

Figure 7 shows the design of microcannulas.
Figure 8 shows in detail the microchannels in the
microcannulas.

Figures 9a and 9b show electron microscope pho-
tographs of the microcannulas.

Figure 10 shows the diagram of the manufacturing
process in the particular case in which the device
contains sensor electrodes.

Figure 11 shows a device in SU-8 integrating micro-
fluidic channels for delivering drugs together with
sensor electrodes.

Figure 12 shows electron microscope (SEM) photo-
graphs of different structures of microfluidic devices.
Figure 13 shows a graph of the flow measured during
the injection of deionized water into the gel at con-
stant pressure.
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Detailed Description of an Embodiment

[0039] The method of the present invention is based
on the use of photolithography and sealing techniques
at temperatures below 100°C (F J Blanco et al. Novel
three dimensional embedded SU-8 microchannels fab-
ricated using a low temperature full wafer adhesive bond-
ing. Journal of Micromechanics and Microengineering 14
(2004) 1047-1056) (M. Agirregabiria the al. Fabrication
of SU-8 multilayer microstructures based on successive
CMOS compatible adhesive bonding and releasing steps
Lab chip 2005, 5, 545-552) of thermosetting polymeric
photoresins (SU-8) (US Pat. 4, 882,245, Nov 21, 1989)
which allow manufacturing very high resolution (from be-
tween 500 nanometers to 500 microns in width, and from
1 to 200 microns in height) microfluidic structures on two
rigid substrates on which a plastic material on which SU-
8 has low adherence, for example a Polymide (Kapton),
PET or Mylar, has been reversibly deposited, adhered
or laminated. These polymeric materials have a low ad-
hesion to SU-8 therefore they allow, once the process
has ended, completely releasing the structures from the
substrate on which they have been manufactured. Fur-
thermore, manufacturing processes for monolithically in-
tegrating overhanging micromechanical components
and integrated metal lines have been developed in the
present invention.

[0040] The different manufacturing steps, optimization
of the bonding process for forming the microchannels
and the fluidic characterization thereof are described be-
low.

[0041] The manufacturing process of the invention be-
gan with depositing the SU-8 photoresin (3) by means of
spinning techniques in two transparent rigid wafers (1
and 1°), which can be made of different material such as
for example of glass, methacrylate or COC polymers, on
which a layer of biocompatible polymeric material (2)
such as for example Kapton, Pl or PET (Figure 1) has
been deposited, adhered or laminated. In this example,
Kapton with a minimum thickness of 250 microns was
used as the substrate of biocompatible polymeric mate-
rial, which provided enough rigidity for the subsequent
depositing and photolithography steps. The spinning
process was carried out on a rotating plate which allowed
uniformly spinning the SU-8. The SU-8 was deposited
on the substrates and then the plate was rotated. The
thickness of the deposited layer, which can be 1-500 mi-
crons thick, depends on the speed and time of notation
of the plate. In this particular example, layers with a thick-
ness of 20 microns were obtained, and therefore the proc-
ess was carried out in two steps, a first step for 5 second
at600revolutions per minute (r.p.m.) with an acceleration
of 200 r.p.m./second and a second step of 5000 r.p.m.
and with an acceleration of 600 r.p.m./second for 60 sec-
onds. In other particular examples, layers with a greater
thickness (35 microns) were deposited in order to in-
crease the height of the microchambers or microchan-
nels, to that end they were carried out in two steps, a first
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step for 5 seconds at 600 revolutions per minute (r.p.m.)
with an acceleration of 200 r.p.m./second and a second
step of 3000 r.p.m. and with an acceleration of 600 r.p.m./
second for 60 seconds. To achieve the desired thickness,
the process was repeated several times with layers with
different thicknesses. As a result, the SU-8 was uniformly
deposited over the entire substrate, forming different lay-
ers, with a thickness determined by the spinning process,
if only one layer has been spun, or by different layers
deposited on top of one another. These layers were then
subjected to a thermal process (soft bake) at a temper-
ature between 75°C and 100°C for 7 minutes in the case
of films of 20 microns, and 10 minutes for films with thick-
nesses up to 100 microns, in a flat hot plate. For films
with thicknesses greater than 100 microns, a thermal
treatment of more than 12 minutes is carried out. The
temperature of the plate was increased to temperatures
between 75 and 100°C. The solvent residues that were
not eliminated during the depositing evaporated in this
process and the deposited resin became uniform. Once
the thermal process had finished, the deposited polymer
was microstructured using standard photolithography
techniques.

[0042] The photolithographic structuring process be-
gan with an ultraviolet illumination process in a contact
aligner (standard Suss MAG6 photolithography equip-
ment). Only the areas giving rise to the microstructures
(microchannels (6)) once the process had ended were
exposed to ultraviolet light through a mask placed in the
aligner. The ultraviolet dose that was used for photolith-
ographies of layers of 20 microns was 140 mJ/cmZ2. For
two successively deposited layers with a thickness of 20
and 35 microns (total layer of 55 microns) the dose was
200 mJ/cm?2. Then a thermal treatment was performed
which hardened (polymerized) the SU-8 of the exposed
areas at a temperature between 80 and 95°C for 3 min-
utes for layers of 20 microns, and 4 minutes for layers of
55 microns. Once hardened, the non-exposed areas
were chemically developed such that the microchannels
(6) were defined on the SU-8. This development was
performed with the standard SU-8 photoresin developer
(propylene glycol monomethyl ether acetate, PGMA).
The non-exposed parts were eliminated during develop-
ment, leaving the microstructures on the substrate. Once
the manufacturing process had ended, these structures
were established as the guides for the microchannels.
Due to the nature of the photolithographic process, these
microchannels were aligned in the PMMA wafers without
any problems with substrate deformation and with a 1
micron resolution, the photolithographic mask aligner
(Suss MAGB) resolution.

[0043] Inone of these layers, channels were not made
and a metal layer (4) which was later structured was de-
posited. The metal layer can be made of different mate-
rials (gold, platinum, silver, chromium, titanium, etc, or
combinations thereof), in this particular case gold and
chromium were deposited. The depositing of the metal
compounds can be carried out by means of cathode sput-
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tering techniques, photolithography and wet and dry
etching (by plasmas) or electrodeposition techniques. In
a particular example, it was carried out by means of de-
positing and photolithography techniques, to that end, a
layer of metal was deposited on the surface of SU-8 with-
out microchannels by conventional sputtering or evapo-
ration depositing techniques. A photoresin (5) with a
thickness of 1 micron was then deposited on this layer,
which photoresin was photolithographed defining the ar-
eas where the metal had been eliminated. This photores-
in was developed and the exposed layers of metal were
eliminated by means of chemical etching. This chemical
etching depended on the metal or combinations of metals
used. After this step, the photoresin was eliminated using
acetone, methanol or the PGMA developer. Itis important
to emphasize that the chemical etchings used are com-
patible with SU-8. Once the metal lines had been defined,
another layer of SU-8 was deposited on them with the
same method explained in the previous paragraph. This
layer was photodefined in the areas where the micro-
channels are to be placed, or wherein the metal contacts
of the metal lines with the outer medium are to be made.
[0044] Overhanging micromechanical structures were
incorporated in one of the wafers (Figures 3 and 4). To
that end, a layer between 3-5 pm of thick positive pho-
toresin SPR 220-7.0 (Megaposit) was spread on a flat
substrate using the following recipe for the spinning plate:

time(s) | rpm | acceleration
Step 1 10 200 100
Step 2 5 600 200
Step 3 60 6000 500
Step 4 6 0 500
Step 5 0 0 1000

[0045] If there are problems of adhesion to the sub-
strate, the latter can be improved by previously applying
Primer S1818 (Shipley) and using the previously de-
scribed spinning recipe. The SPR 220-7.0 photoresin
was then spread.

[0046] Once the layer of 4 um had been deposited,
the wafer was then heated in a 6°C/min gradient from
30°C to 115°C. Once the maximum temperature of the
gradient was reached, the wafer was left for 2 minutes
and the temperature was then reduced in a natural gra-
dient until it was lower than 80°C. The wafer was then
exposed to UV rays for the purpose of defining the sup-
ports of the free structures. The total dose was 1 J/cm2,
The structures were developed by introducing the wafer
in the MF-24A developer for 4 minutes and stirring slight-
ly. The wafer was then rinsed in deionized water and
dried.

[0047] To prevent the solvent of the structural SU8-50
photoresin from etching the SPR 220-7.0, the photoresin
was subjected to a thermal treatment. To that end, the
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wafer was heated in a 60°C/min gradient to 150°C. Once
the maximum temperature of the gradient had been
reached, the wafer was left for 60 minutes and the tem-
perature was then reduced in a natural gradient to room
temperature.

[0048] The free structures were defined on the sup-
ports by spreading a layer of SU8-50 directly on them.
The processing of SU8-50 was not altered by the method
described.

[0049] The structures in SU8-50 were released during
the developing process by simply introducing the wafer
in PGMEA. SPR 220-7.0 dissolved in contact with said
developer. The subsequent processing of SU8-50 was
not altered by this method.

[0050] Once thechannels 6 andthe overhanging metal
structures (4) were defined in both substrates, they were
superimposed and bonded by means of a sealing proc-
ess. The standard sealing process for sealing SU-8 resin
with itself is traditionally carried out at a temperature of
100°C (F J Blanco, M Agirregabiria,  Garcia, J Berganzo,
M Tijero, M T Arroyo, J M Ruano, | Aramburu and Kepa
Mayora. Novel three dimensional embedded SU-8 mi-
crochannels fabricated using a low temperature full wafer
adhesive bonding. Journal of Micromechanics and Mi-
croengineering 14 (2004) 1047-1056). Figure 1 shows
the diagram of the manufacturing process. This process
was carried out in a bonding tool for bonding by melting
and pressure, a Suss SB6 Bonder (Suss Microtech, Ger-
many). The wafers were first aligned in the Mask aligner
(MAG) and then transferred to the bonding chamber sep-
arated by spacers. The bonding chamber was subse-
quently evacuated to 10-3 mbar. Before the contact, two
heaters (in the bottom and in the upper part) uniformly
heated the wafers at atemperature between 70 and 85°C
for 3 minutes, allowing the moisture to evaporate and
preventing any empty formation. The wafers were then
put in contact with one another and heating of the wafers
began at a temperature from between 80 to 120°C, ap-
plying a pressure from between 100 and 500 KPa for 20
minutes.

[0051] Once the sealing process had finished, the de-
vices were submerged in an IPA bath and subjected to
ultrasound for 1 minute. This bath fulfills two functions,
that of releasing the layers of Kapton, PEB or Mylar from
the rigid substrates and cleaning the devices. Once the
layers of Kapton, PEB or Mylar had been released from
the substrates, they were manually removed from the
devices of SU-8, without damaging the structures. The
structures of the devices were freed in the entire sub-
strate, and the devices could be cut manually in a simple
manner.

[0052] As a result, rectangular microchannels 6 (Fig-
ure 2) with a high definition compared to other technol-
ogies for manufacturing microfluidic devices in polymers
were obtained.
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EXAMPLE 1

Electrophoresis chip

[0053] The manufacturing process described gaverise
to an electrophoresis device for separating proteins.
These biomolecules contain a net charge and upon ap-
plying an electric current in the microchannel in which
they are located, they start to move with different speeds,
according to their size and charge. They are thus sepa-
rated. This technique is widely used in the proteomics
field in several applications such as the diagnosis of dis-
eases or the discovery of new drugs. This device allows
carrying out these proteomic analyses quickly and accu-
rately, reducing the costs of conventional systems.
[0054] As seen in Figure 5, the design of this device
is based on two channels placed in a T shape and four
platinum electrodes placed at each of the inlets (7 and
9) and outlets (8 and 10) of the channels. The vertical
microchannel starting at inlet 7 and ending at outlet 8 is
the channel which is used to electrokinetically inject the
sample. The horizontal microchannel starting at inlet 9
and ending at outlet 10 is the channel where the sample
is separated.

[0055] The manufacture of this device was based on
the process described in the previous paragraphs. In a
summarized manner, it can be stated that it consisted of
sealing two substrates of Kapton in which the structures
had been previously defined by photolithography. Firstly,
a continuous layer of SU-8 of 20 microns was polymer-
ized in the bottom substrate. The platinum electrodes
were then manufactured by means of evaporation and
chemical etching and, above these electrodes, the two
channelsin a T shape and the openings of the electrodes
were defined by means of another SU-8 photolithogra-
phy. In addition, the covers of these channels and the
openings of the electrodes were manufactured in the top
substrate, using the same photolithography process. Fi-
nally, the two substrates were sealed and the devices
were released.

[0056] Figure 6 shows the result of the injection and
the separation of two proteins after applying voltage
through the electrodes of the device.

EXAMPLE 2
Microcannulas

[0057] Due to the nature of the manufacturing proc-
esses, microcannulas with embedded microfluidic chan-
nels were designed which allowed directly introducing
medicinal products into the damaged tissues or organs.
These microcannulas have great advantages over those
made with other technologies in silicon or in another type
of polymer. Due to the manual cut, it is possible to make
structures that are very complex and have a high-defini-
tion, which is only limited by the resolution of the photo-
lithography process, which in a commercial aligner can
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reach hundreds of nanometers. Figure 7 shows a design
of a microcannula with the microfluidic channel which is
closed with the sealing process. The structures securing
the microcannula to the substrate have dimensions of
100 microns in width. These structures can be easily re-
moved from the microcannula without any damage to the
material. The manufactured insertion tips are shown in
the electron microscope photographs, Figure 9a and Fig-
ure 9b. The outlets of the embedded microfluidic chan-
nels can be seen. Insertion tests in materials similar to
the tissue of some organs of the human body, specifically
with gelatins, have been carried out. The tips easily pen-
etrate the gelatin, and allow delivering liquids therein

EXAMPLE 3
Implantable microcannulas for applications as medicinal

product delivery devices and monitoring the state of tis-
sues with impedance measurements

[0058] These devices allow accurately delivering
drugs inside damaged tissues, as well as monitoring dif-
ferent parameters therein.

[0059] The incorporation of sensor electrodes in these
microfluidic devices involves a key advantage because
said devices allow monitoring the state of the tissue dur-
ing the drug delivery process. The manufacturing method
allows the sensors to be placed at about 5-20 microns
embedded inside the device, compared to the hundreds
of microns in the processes of the state of the art. This
makes the sensor electrodes be in better contact with
the tissues on which the device is implanted. Further-
more, this manufacturing process allows obtaining indi-
vidual devices without needing to use the cutting process,
being able to achieve different shapes which cannot be
achieved by means of the usual cutting processes used
in the manufacture of microsystems (laser or disc cutter).
This is another essential improvement when designing
devices which can be adapted to the organ in which they
will be implanted.

[0060] Figure 10 shows a diagram of the manufactur-
ing process in the particular case that it contains sensor
electrodes. The process starts by depositing a layer of
SU-8 on a rigid substrate (glass or silicon) on which a
sheet of Kapton has been adhered with a resin (S1818).
This layer of SU-8 is photolithographed but not devel-
oped. This photolithography process defines the final
shape of the devices. The innovation starts by depositing
on the SU-8 two metal layers (1), a first layer of chromium
(Cr, 50 nm) and on top of it a layer of gold (Au, 150 nm).
Both layers are deposited by means of sputtering evap-
oration depositing techniques, and their function is to
place a physical barrier between the non-polymerized
SU-8 and the photoresin which will define the shape of
the electrodes. During this sputtering evaporation depos-
iting technique, it is possible to polymerize the non-po-
lymerized SU-8 by temperature. This polymerization dur-
ing the sputtering evaporation depositing causes an un-
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wanted stress effect between the SU8 resin and the de-
posited metal. Said stress, due to the different coeffi-
cients of thermal expansion, is minimized by carrying out
the sputtering evaporation depositing process at low tem-
perature. Once this first metallization has been carried
out, a photoresin (S1818) is deposited which will serve
to structure the sheet of metal (Cr/Au). The photoresin
is photostructured such that it only covers the non-po-
lymerized areas of SU-8, and the rest of the metal is
chemically etched, only that protected by the photoresin
remaining (ll). The electrode metallization process will
be started on the polymerized and non-polymerized (pro-
tected by metal) structures, which electrodes are plati-
num (Pt)/titanium (Ti) electrodes in a special configura-
tion. Firstly, a layer of photoresin (SPR) is deposited and
photostructured, on which layer the electrodes are de-
posited by means of sputtering techniques (lll). Like in
the previous sputtering evaporation depositing, thermal
stress problems are minimized by reducing the temper-
ature of the process. The SPR photoresin is etched with
methanol, leaving the metal electrodes already defined
on the areas of polymerized SU-8 (IV). Another layer of
SU-8 is defined on these structures, where microfluidic
channels and the sensor areas where the electrodes
must be in contact with the external medium are defined
(V and VI). To seal these microfluidic channels, a layer
of SU-8 is deposited on another transparent (glass) rigid
substrate coated with Kapton (II'). Both wafers are
aligned in a commercial contact aligning machine, and
are introduced in wafer sealing equipment. By applying
the same sealing conditions used in the previously de-
scribed general process, the layers of SU-8 are melted
maintaining the structure of the microchannels and of the
electrodes without deformation. The wafers are removed
from the Kapton in an ultrasound methanol bath, etching
the photoresin which has been used to adhere the layer
of Kapton to the rigid substrates (VII). Given the low ad-
hesion of Kapton to SU-8, the structures can be easily
removed manually from the substrate (VIII), freeing the
semiflexible and metallized microdevices of SU-8 (IX).
[0061] Figure 11 shows a typical structure obtained by
means of this manufacturing process. Figure 12 shows
photographs obtained of different devices with an elec-
tron microscope (SEM).

[0062] During the first tests on animals, a poor adher-
ence of the metal layers to the SU-8 polymer was ob-
served. Metal layers generally have greater problems of
adhesion on plastics than on silicon or glass (the mate-
rials which have been used up until now in manufacturing
these devices). This adherence has beenimproved using
oxygen plasma cleaning processes for the surfaces of
SU8 combined with different doses of exposure of the
polymer. The quality of the adhesion has passed different
tests according to the corresponding ASTM (AMERICAN
SECTION OF INTERNATIONAL ASSOCIATION FOR
TESTING MATERIALS) standard.

[0063] Tests for using these devices as drug delivery
devices in (brain) tissues have been carried out. To that



15 EP 2 022 753 A1 16

end, a gel with porosity and mechanical properties similar
to brain tissue has been synthesized. The gel used is
agarose gel at a concentration of 0.6% by its weight/vol-
ume ratio. Figure 13 shows the delivery flow measure-
ments inside the gel. Flows between 10-50 microliters/
minute, in channels of 40 microns in height and 50 mi-
crons in width, can be seen. These flows correspond to
liquid injection pressures in the microdevice from be-
tween 0.1 to 1 bar. The peaks observed in the delivery
at 50 microliters per minute correspond to a backflow of
the delivered liquid. This is one of the serious problems
found in the clinical tests of fluidic devices delivering
drugs in the body. These results improve the results ob-
tained with standard fluidic devices (cannulas) as well as
those manufactured in silicon, which have backflow prob-
lems at much lower flows. Backflow problems have been
minimized with these new microdevices and this is an-
other advantage of using these microdevices in drug de-
livery applications.

Claims

1. Amethod for manufacturing micro/nanofluidic devic-
es comprising:

a) depositing a thermosetting polymeric pho-
toresin (3) on two substrates of polymeric ma-
terial (2) covering the surface of two independ-
ent substrates (wafer 1) and (wafer 1°).

b) photolithographing at low temperature the
layers of thermosetting polymeric photoresin (3)
deposited in step a)

c) depositing the metal type components in at
least one wafer

d) microstructuring the metal components de-
posited in step c)

e) depositing a layer of thermosetting polymeric
photoresin (3) on wafer 1’

f) photolithographing and developing at low tem-
perature the thermosetting polymeric photores-
in deposited on wafer 1’

g) sealing at low temperature the wafers 1 and
1’ obtained by means of superimposing them
with the surfaces of the photoresin facing one
another

h) releasing the micro/nanofluidic structures
from the substrates of biocompatible polymeric
material

i) cutting the devices.

2. The method for manufacturing micro/nanofluidic de-
vices according to claim 1, wherein the deposited
polymeric photoresin is an epoxy resin.

3. The method for manufacturing micro/nanofluidic de-
vices according to any of claims 1-2, wherein the
deposited polymeric photoresin is SU-8.

15

20

25

30

35

40

45

50

55

4,

10.

1.

12,

13.

14.

15.

The method for manufacturing micro/nanofluidic de-
vices according to any of claims 1-3, wherein step
a) is repeated at least once.

The method for manufacturing micro/nanofluidic de-
vices according to any of claims 1-4, wherein the
photolithography at low temperature of step b) is car-
ried out at temperatures comprised between
80-95°C

The method for manufacturing micro/nanofluidic de-
vices according to any of claims 1-5, wherein there
is a step prior to step g) wherein overhanging micro-
mechanical structures are made.

The method for manufacturing micro/nanofluidic de-
vices according to any of claims 1-6, wherein the
sealing of step g) is carried out at temperatures com-
prised between 80° and 120°C

The method for manufacturing micro/nanofluidic de-
vices according to any of claims 1-7, wherein the
sealing of step g) is carried out at pressures com-
prised between 100 and 500 KPa.

The method for manufacturing micro/nanofluidic de-
vices according to any of claims 1-8, wherein the
micro/nanofluidic structures of step h) are released
by means of ultrasound in an alcohol bath.

The method for manufacturing micro/nanofluidic de-
vices according to any of claims 1-9, wherein the
micro/nanofluidic devices of step i) are cut manually.

The method for manufacturing micro/nanofluidic de-
vices according to any of claims 1-10, wherein the
micro/nanofluidic devices are microcannulas, micro-
probes, electrophoresis chips, electrospray chips.

A micro/nanofluidic device obtained by the method
according to any of claims 1-11, comprising at least
one micro/nanofluidic channel, wherein the channels
and thickness dimensions of the device are com-
prised between 500 microns and 500 nanometers.

The micro/nanofluidic device according to claim 12,
wherein the micro/nanofluidic channels comprise di-
mensions between 5 and 500 microns in width and
between 1 and 500 microns in height.

The micro/nanofluidic device according to claim 13,
wherein the micro/nanofluidic channels comprise di-
mensions between 10 microns and 200 microns in
height.

The micro/nanofluidic device according to any of
claims 12-14, comprising microchambers with width
dimensions comprised between 1 and 5 mm and
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height dimensions comprised between 20 and 180
microns.

The use of a device according to any of claims 12-15
for clinical diagnosis, medicinal product delivery,
monitoring of the state of tissues, fluid extraction,
neural prostheses, electrophoresis chips, microcan-
nulas, microprobes.
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