
METHOD OF PRODUCING AN OPTICALLY ACTIVE CYANOHYDRIN
DERIVATIVE FIELD OF THE INVENTION [0001] The present
invention relates to a method of producing an
optically active cyanohydrin derivative. BACKGROUND
[0002] Optically active cyanohydrins are versatile
synthetic precursors in organic synthesis that can be
transformed into a variety of compounds and
intermediates with commercial and synthetic value.
Hence there is a demand for industrially viable
asymmetric cyanation catalysts for the synthesis of
such compounds. Among the various catalytic systems
available, metal catalyzed asymmetric synthesis of
cyanohydrins has progressed significantly over the
past two decades in terms of synthetic utility,
enantioselectivity and general applicability. The
majority of such metal catalyzed cyanation systems,
however, operate at very low temperatures (such as,
for example, -78C and -4O0C) and use
trimethylsilylcyanide (TMSCN) as the cyanide source,
which is relatively expensive, volatile and highly
toxic. Most of the catalytic systems also require the
use of high catalyst loading and provide a rather low
enantiomeric excess (ee) for certain substrates, such
as for example aliphatic aldehydes, during the
reaction procedure which may not be suitable for large
scale production in the kilogram or ton range. [0003]
A number of methods for the asymmetric synthesis of
cyanohydrins using various catalyst systems have
recently been described. See for example,
International Patent Application WO2006/041000;
Lundgren et al. J. Am. Chem. Soc. 2005, 127, 11592;
Wingstrand et al. PureAppl. Chem 2006, 78, 409;
Belokon, et al., Chem. Commun. 2006, 1775; Belokon et
al., Org. Lett. 2003, 5, 4505;Belokon et al.
Tetrahedron 2004, 60, 10433; Casas et al. Tetrahedron:
Asymmetry 2003, 14, 197; Baeza et al. Eur. J. Org.
Chem. 2006, 1949; Tian et al., Angew. Chem. Int. Ed.
2002, 41, 3636; Yamagiwa et al. J. Am. Chem. Soc.
2005, 127, 3413, or Gou et al., J. Org. Chem. 2006,
71, 5732. [0004] Hence the availability of catalytic
systems which are able to operate at ambient
temperature with the use of commercially more viable
and less toxic cyanating agents is still desirable.
Therefore, there is still a need to provide a method
of asymmetric cyanation which can be applied to a wide
range of substrates and at the same time achieves a
high yield and high enantioselectivity at room
temperature, ideally even within a short period of
time. SUMMARY 



[0005] In a first aspect, the present invention
provides a method of producing an optically active
cyanohydrin derivative, which comprises reacting an
aldehyde or an unsymmetrical ketone with a cyanating
agent in the presence of a Lewis base and a titanium
compound. [0006] In a further aspect, the present
invention provides a method of producing an optically
active cyanohydrin derivative, which comprises
reacting an aldehyde or an unsymmetrical ketone with a
cyanating agent in the presence of a Lewis base and a
titanium compound produced from a partial hydrolysate
of titanium tetraalkoxide and an optically active
ligand represented by the general formula (II) or a
titanium oxoalkoxide compound represented by the
general formula (I) and an optically active ligand
represented by the general formula (II),wherein R1 is
an optionally substituted alkyl group or an optionally
substituted aryl group; x is an integer of not less
than 2; y is an integer of not less than 1; and y/x
satisfies 0.1 < y/x < 1.5, wherein R2, R3 and R4 are
independently a hydrogen atom, an alkyl group, an
alkenyl group, an aryl group, an aromatic heterocyclic
group, an acyl group, an alkoxycarbonyl group or an
aryloxycarbonyl group, each of which may be optionally
substituent, two or more of R2, R3 and R4 may be
linked together to form a ring, and the ring may have
a substituent; and A represents a hydrocarbon
containing group with three or more carbon atoms
having at least one asymmetric carbon atom or axial
asymmetry. BRIEF DESCRIPTION OF THE DRAWINGS [0007]
Figure 1 illustrates the beneficial effect that a
partially hydrolyzed titanium compound has over a
non-hydrolyzed titanium compound, when used as
catalyst, in an illustrative example of a process of
the present invention. DETAILED DESCRIPTION OF THE
INVENTION [0008] In the following description
non-limiting embodiments of the process of the
invention will be explained.[0009] According to the
present invention, it has been surprisingly found that
it is possible to conveniently and effectively produce
optically active cyanohydrins with a high optical
purity with a much less amount of a catalyst and
within a much shorter period of time by using the
method as recited in independent claim 1 and the
claims dependent thereon, as compared to those
produced by using the asymmetric catalysis of the
past. Such optically active cyanohydrins are typically
useful as an intermediate in the synthesis of
physiologically active compounds such as medical
supplies, agricultural chemicals and the like,
functional materials, or synthetic raw materials in
fine chemicals and the like. 



[0010] In the context of the present invention, the
term "comprising" or "comprises" means including, but
not limited to, whatever follows the word
"comprising". Thus, the use of the term "comprising"
indicates that the listed elements are required or
mandatory, but that other elements are optional and
may or may not be present. [0011] The following terms
refer to any groups mentioned in the present invention
unless otherwise indicated. [0012] The term "alkyl
group" refers to a linear, branched or cyclic alkyl
group having 1 to 20 carbon atoms. In one embodiment
of the present invention, the alkyl group may have 1
to 15 carbon atoms, for example 1 to 10 carbon atoms.
Examples of linear alkyl groups may include, but are
not limited to, a methyl group, an ethyl group, a
n-propyl group, a n-butyl group, a n-pentyl group, a
n-hexyl group, a n-heptyl group, a n-octyl group, a
n-nonyl group, a n-decyl group and the like. Examples
of branched alkyl groups may include, but are not
limited to, an isopropyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, a 2-pentyl group,
a 3-pentyl group, an isopentyl group, a neopentyl
group, an amyl group and the like.Examples of cyclic
alkyl groups may be, but are not limited to, a
cyclopropyl group, a cyclobutyl group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a
cyclooctyl group and the like. [0013] The term
"alkenyl group" refers to a linear, branched or cyclic
alkenyl group having 2 to 20 carbon atoms, for example
1 to 10 carbon atoms, wherein at least one
carbon-carbon double bond is present. Examples of an
alkenyl group may include, but are not limited to, a
vinyl group, an allyl group, a crotyl group, a
cyclohexenyl group, an isopropenyl group and the like.
[0014] The term "alkynyl group" refers to an alkynyl
group having 2 to 20 carbon atoms, for example 2 to 10
carbon atoms, wherein at least one carbon-carbon
triple bond is present. Examples may include, but are
not limited to, an ethynyl group, a 1-propynyl group,
a 2-propynyl group, a 1-butynyl group, a 1-pentynyl
group and the like. [0015] The term "alkoxy" refers to
a linear, branched or cyclic alkoxy group having 1 to
20 carbon atoms, for example 1 to 10 carbon atoms,
wherein an alkyl group is bonded to a negatively
charged oxygen atom. Examples may include, but are not
limited to, a methoxy group, an ethoxy group, a
n-propoxy group, an isopropoxy group, a n-butoxy
group, a cyclopentyloxy group, a cyclohexyloxy group,
a menthyloxy group and the like. [001 6] The term
"aryl group" refers to an aryl group referring to any
functional 



group or substituent derived from a simple aromatic
ring having 6 to 20 carbon atoms. In one embodiment of
the present invention, the aryl group may have 6 to 10
carbon atoms. Examples may include, but are not
limited to, a phenyl group, a naphthyl group, a
biphenyl group, an anthryl group and the like. [0017]
The term "aryloxy group" refers to an aryloxy group
having 6 to 20carbon atoms, for example 6 to 10 carbon
atoms, wherein an aryl group is bonded to a negatively
charged oxygen atom. Examples may include, but are not
limited to, a phenoxy group, a naphthyloxy group and
the like. [0018] The term "aromatic heterocyclic
group" refers to an aromatic heterocyclic group having
3 to 20 carbon atoms, for example 1 to 10 carbon
atoms, wherein at least one carbon atom of the
aromatic group is replaced by a heteroatom such as
nitrogen, oxygen or sulfur. Examples may include, but
are not limited to, an imidazolyl group, a furyl
group, a thienyl group, a pyridyl group and the like.
[0019] The term "non-aromatic heterocyclic group"
refers to a non-aromatic heterocyclic group having 4
to 20 carbon atoms, for example 4 to 10 carbon atoms,
wherein at least one carbon atom of the non-aromatic
group is replaced by a heteroatom such as nitrogen,
oxygen or sulfur. Examples may include, but are not
limited to, a pyrrolidyl group, a piperidyl group, a
tetrahydrofuryl group and the like. [0020] The term
"acyl group" refers to an alkylcarbonyl group having 2
to 20 carbon atoms, for example 1 to 10 carbon atoms
and an arylcarbonyl group having 6 to 20 carbon atoms,
for example 1 to 10 carbon atoms. [0021] The term
"alkylcarbonyl group" refers to, but is not limited
to, an acetyl group, a propionyl group, a butyryl
group, an isobutyryl group, a pivaloyl group and the
like. [0022] The term "arylcarbonyl group" refers to,
but is not limited to, a benzoyl group, a naphthoyl
group, an anthrylcarbonyl group and the like. [0023]
The term "alkoxycarbonyl group" refers to a linear,
branched or cyclic alkoxycarbonyl group having 2 to 20
carbon atoms, for example 2 to 10 carbon atoms.
Examples may include, but are not limited to, a
methoxycarbonyl group, an ethoxycarbonyl group, a
n-butoxycarbonyl group, a n-octyloxycarbonyl group,
anisopropoxycarbonyl group, a tert-butoxycarbonyl
group, a cyclopentyloxycarbonyl group, a
cyclohexyloxycarbonyl group, a cyclooctyloxycarbonyl
group, a L-menthyloxycarbonyl group, a
D-menthyloxycarbonyl group and the like. [0024] The
term "aryloxycarbonyl group" refers to an
aryloxycarbonyl group having 7 to 20 carbon atoms, for
example 7 to 15 carbon atoms. Examples may include,
but are not limited to, a phenoxycarbonyl group, a
-naphthyloxycarbonyl group and the like. 



[0025] The term "aminocarbonyl group" refers to an
aminocarbonyl group having a hydrogen atom, an alkyl
group, an aryl group, and two of the substituents
other than a carbonyl group to be bonded to a nitrogen
atom may be linked together to form a ring. Examples
may include, but are not limited to, an
isopropylaminocarbonyl group, a
cyclohexylaminocarbonyl group, a
tert-butylaminocarbonyl group, a
tert-amylaminocarbonyl group, a dimethylaminocarbonyl
group, a diethylaminocarbonyl group, a
diisopropylaminocarbonyl group, a
diisobutylaminocarbonyl group, a
dicyclohexylaminocarbonyl group, a
tert-butylisopropylaminocarbonyl group, a
phenylaminocarbonyl group, a pyrrolidylcarbonyl group,
a piperidylcarbonyl group, an indolecarbonyl group and
the like. [0026] The term "amino group" refers to
organic compounds and a type of functional group that
contain nitrogen as the key atom. The term refers to
an amino group having a hydrogen atom, a linear,
branched or cyclic alkyl group, or an amino group
having an aryl group. Two substituents to be bonded to
a nitrogen atom may be linked together to form a ring.
Examples of the amino group having an alkyl group or
an aryl group may include, but are not limited to, an
isopropylamino group, a cyclohexylamino group, a
tert-butylamino group, a tert-amylamino group,
adimethylamino group, a diethylamino group, a
diisopropylamino group, a diisobutylamino group, a
dicyclohexylamino group, a tert-butylisopropylamino
group, a pyrrolidyl group, a piperidyl group, an
indole group and the like. [0027] The term "silyl
group" refers to a silyl group having 2 to 20 carbon
atoms, wherein the silyl group can be considered as
silicon analogue of an alkyl. Examples may include,
but are not limited to, a trimethylsilyl group, a
tert-butyldimethylsi IyI group and the like. [0028]
The term "siloxy group" refers to a siloxy group
having 2 to 20 carbon atoms. Examples may include, but
are not limited to, a trimethylsiloxy group, a
tert-butyldimethylsiloxy group, a
tert-butyldiphenylsiloxy group and the like. [0029]
All of the above mentioned groups may be optionally
substituted. "Optionally substituted" in the context
of the present invention means that at least one
hydrogen atom of the above compounds may be replaced
by F, Cl, Br, OH, CN, NO2, NH2, SO2, an alkyl group,
an aryl group, an aromatic heterocyclic group, a
non-aromatic heterocyclic group, an oxygen containing
group, a nitrogen containing group, a silicon
containing group or the like. [0030] Examples of the
oxygen containing group may include, but are not
limited to, those having 1 to 20 carbon atoms such as
an alkoxy group, an aryloxy 



group, an alkoxycarbonyl group, an aryloxycarbonyl
group, an acyloxy group and the like. Examples of the
nitrogen containing group may include, but are not
limited to, an amino group having 1 to 20 carbon
atoms, an amide group having 1 to 20 carbon atoms, a
nitro group, a cyano group and the like. Examples of
the silicon containing group may include, but are not
limited to, those having 1 to 20 carbon atoms such as
a silyl group, a silyloxy group and the like. [0031]
Examples of substituted alkyl groups may include, but
are not limitedto, a chloromethyl group, a
2-chloroethyl group, a trifluoromethyl group, a
2,2,2-trifluoroethyl group, a perfluoroethyl group, a
perfluorohexyl, a substituted or unsubstituted aralkyl
group such as a benzyl group, a 4-methoxybenzyl group,
a 2-phenylethyl group, a cumyl group, a
a-naphthylmethyl, a 2-pyridylmethyl group, a
2-furfuryl group, a 3-furfuryl group, a
2-thienylmethyl group, a 2-tetrahydrofurfuryl group, a
3-tetrahydrofurfuryl group, a methoxyethyl group, a
phenoxyethyl group, a methoxymethyl group, an
isopropoxymethyl group, a tert-butoxymethyl group, a
cyclohexyloxymethyl group, a L-menthyloxymethyl group,
a D-menthyloxymethyl group, a phenoxymethyl group, a
benzyloxymethyl group, a phenoxyethyl group, an
acetyloxymethyl group, a
2,4,6-trimethylbenzoyloxymethyl, a
2-(dimethylamino)ethyl group, a
3-(diphenylamino)propyl group, a
2-(trimethylsiloxy)ethyl group and the like. [0032]
Examples of substituted alkenyl groups may include,
but are not limited to, a 2-chlorovinyl group, a
2,2-dichlorovinyl group, a 3-chloroisopropenyl group
or the like. [0033] Examples of substituted alkynyl
groups may include, but are not limited to, a
3-chloro-1-propynyl group, a 2-phenylethynyl group, a
3-phenyl-2-propynyl group, a 2-(2-pyridylethynyl)
group, a 2-tetrahydrofurylethynyl group, a
2-methoxyethynyl group, a 2-phenoxyethynyl group, a
2-(dimethylamino)ethynyl group, a
3-(diphenylamino)propynyl group, a
2-(trimethylsiloxy)ethynyl group and the like. [0034]
Examples of substituted alkoxy groups may include, but
are not limited to, a 2,2,2-trifluoroethoxy group, a
benzyloxy group, a 4-methoxybenzyloxy group, a
2-phenylethoxy group, a 2-pyridylmethoxy group, a
furfuryloxy group, a 2-thienylmethoxy group, a
tetrahydrofurfuryloxy group and the like.[0035]
Examples of substituted aryl groups may include, but
are not limited to, a 4-fluorophenyl group, a
pentafluorophenyl group, a 3,5-dimethylphenyl group, a
2,4,6-trimethylphenyl group, a 4-isopropylphenyl
group, a 3,5-diisopropylphenyl group, a
2,6-diisopropylphenyl group, a 4-tert-butylphenyl
group, a 2,6-di-tert-butylphenyl group, a
4-methoxyphenyl group, a 3,5-dimethoxyphenyl 



group, a 3,5-diisopropoxyphenyl group, a
2,4,6-triisopropoxyphenyl group, a 2,6-diphenoxyphenyl
group, a 4-(dimethylamino)phenyl group, a
4-nitrophenyl group, 3,5-bis(trimethylsilyl)phenyl
group, a 3,5-bis(trimethylsiloxy)phenyl group and the
like. [0036] Examples of substituted aryloxy groups
may include, but are not limited to, a
pentafluorophenoxy group, a 2,6-dimethylphenoxy group,
a 2,4,6-trimethylphenoxy group, a 2,6-dimethoxyphenoxy
group, a 2,6-diisopropoxyphenoxy group, a
4-(dimethylamino)phenoxy group, a 4-cyanophenoxy
group, a 2,6-bis(trimethylsilyl)phenoxy group, a
2,6-bis(trimethylsiloxy)phenoxy group and the like.
[0037] Examples of substituted aromatic heterocyclic
groups may include, but are not limited to, an
N-methylimidazolyl group, a 4,5-dimethyl-2-furyl
group, a 5-butoxycarbonyl-2-furyl group, a
5-butylaminocarbonyl-2-furyl group, and the like.
[0038] Examples of substituted non-aromatic
heterocyclic groups may include, but are not limited
to, 3-methyl-2-tetrahydrofuranyl group, a
N-phenyl-4-piperidyl group, a 3-methoxy-2-pyrrolidyl
group and the like. [0039] Examples of substituted
alkylcarbonyl group may include, but are not limited
to, a trifluoroacetyl group and the like. [0040]
Examples of substituted arylcarbonyl groups may
include, but are not limited to, a 3,5-dimethylbenzoyl
group, a 2,4,6-trimethylbenzoyl group,
a2,6-dimethoxybenzoyl group, a 2,6-diisopropoxybenzoyl
group, a 4-(dimethylamino)benzoyl group, a
4-cyanobenzoyl group, a 2,6-bis(trimethylsilyl)benzoyl
group, a 2,6-bis(trimethylsiloxy)benzoyl group and the
like. [0041] Examples of the alkoxycarbonyl group
having a halogen atom include a
2,2,2-trifluoroethoxycarbonyl group, a
benzyloxycarbonyl group, a 4-methoxybenzyloxycarbonyl
group, a 2-phenylethoxycarbonyl group, a
cumyloxycarbonyl group, an a-naphthylmethoxycarbonyl
group, a 2-pyridylmethoxycarbonyl group, a
furfuryloxycarbonyl group, a 2-thienylmethoxycarbonyl
group, a tetrahydrofurfuryloxycarbonyl group, a
benzyloxycarbonyl group, a 4-methoxybenzyloxycarbonyl
group, a 2-phenylethoxycarbonyl group, a
cumyloxycarbonyl group, an a-naphthylmethoxycarbonyl
group, a 2-pyridylmethoxycarbony! group, a
furfuryloxycarbonyl group, a 2-thienylmethoxycarbonyl
group, a tetrahydrofurfuryloxycarbonyl group and the
like. [0042] Examples of substituted aryloxycarbonyl
groups may include, but are 



not limited to, a pentafluorophenoxycarbonyl group, a
2,6-dimethylphenoxycarbonyl group, a
2,4,6-trimethylphenoxycarbonyl group, a
2,6-dimethoxyphenoxycarbonyl group, a
2,6-diisopropoxyphenoxycarbonyl group, a
4-(dimethylamino)phenoxycarbonyl group, a
4-cyanophenoxycarbonyl group, a
2,6-bis(trimethylsilyl)phenoxycarbonyl group, a
2,6-bis(trimethylsiloxy)phenoxycarbonyl group and the
like. [0043] Examples of substituted aminocarbonyl
groups may include, but are not limited to, a
2-chloroethylaminocarbonyl group, a
perfluoroethylaminocarbonyl group, a
4-chlorophenylaminocarbonyl group, a
pentafluorophenylaminocarbonylgroup, a
benzylaminocarbonyl group, a
2-phenylethylaminocarbonyl group, an
a-naphthylmethylaminocarbonyl and a
2,4,6-trimethylphenylaminocarbonyl group and the like.
[0044] Examples of substituted amino groups may
include, but are not limited to, a
2,2,2-trichloroethylamino group, a perfluoroethylamino
group, a pentafluorophenylamino group, a benzylamino
group, a 2-phenylethylamino group, a
ar-naphthylmethylamino group, a
2,4,6-trimethylphenylamino group and the like. [0045]
In more detail, the present invention provides a
method of producing an optically active cyanohydrin
derivative, which comprises reacting an aldehyde or an
unsymmetrical ketone with a cyanating agent in the
presence of a Lewis base and a titanium compound
produced from a partial hydrolysate of titanium
tetraalkoxide and an optically active ligand
represented by the general formula (II) or a titanium
oxoalkoxide compound represented by the general
formula (I) and an optically active ligand represented
by the general formula (II), wherein R1 is an
optionally substituted alkyl group or an optionally
substituted aryl group; x is an integer of not less
than 2; y is an integer of not less than 1; and y/x
satisfies 0.1 < y/x < 1.5,wherein R2, R3 and R4 are
independently a hydrogen atom, an alkyl group, an
alkenyl group, an aryl group, an aromatic heterocyclic
group, an acyl group, an alkoxycarbonyl group or an
aryloxycarbonyl group, each of which may be optionally
substituent, two or more of R2, R3 and R4 may be
linked together to form a ring, and the ring may have
a substituent; and A represents a hydrocarbon
containing group with three or more carbon atoms
having an asymmetric carbon atom or axial asymmetry.
[0046] The titanium tetraalkoxide compound of the
present invention is not particularly limited. In one
embodiment of the present invention, the titanium
tetraalkoxide compound is represented by the general
formula (IV) wherein Ra is an optionally substituted
alkyl group or an optionally substituted aryl 



group as defined above. In one embodiment of the
present invention, Ra may be a linear alkyl group as
defined above. [0047] In a further embodiment of the
present invention, the titanium tetraalkoxide compound
may be Ti(OMe)4, Ti(OEt)4, Ti(OP^) 4 or Ti(OBup)4.
[0048] Further, a titanium oxoalkoxide compound
represented by the general formula (I) can also be
used for the titanium compound of the present
invention [0049] In the general formula (I), R1
represents an optionally substituted aikyl group or an
optionally substituted aryl group, as already defined
above, x is aninteger of not less than 2, y is an
integer of not less than 1, and y/x satisfies 0.1 <
y/x < 1.5. It may also be possible to use mixtures of
titanium oxoalkoxide compounds, i.e. mixtures of
species having a certain range of x and y. [0050] It
is known, that by reacting the titanium tetraalkoxide
compound represented by the above general formula (IV)
with water, titanium tetraalkoxide is partially
hydrolyzed to give a titanium oxoalkoxide compound
represented by the above general formula (I) (cf. for
example, V. W. Day et al. Inorg. Chim. Acta, Vol. 229,
p. 391 (1995)). Depending on the kind of alkoxide and
the amount of water used for the hydrolysis, the
values of x and y in the above general formula (I) are
varied, but are not necessarily determined only
one-sidedly. So1 it is considered that various kinds
of titanium oxoalkoxide mixtures are obtained.
Further, there has been reported that various titanium
oxoalkoxide mixtures can be stably isolated to
respective substances in some cases (for example, V.
W. Day et al, J. Am. Chem. Soa Vol. 113, p. 8190
(1991)). [0051] As a raw material of the titanium
compound used in the method of the present invention,
a reaction mixture of a titanium tetraalkoxide
compound with water may be used as it is.
Alternatively, a titanium tetraalkoxide compound may
be used after it has been isolated from this reaction
mixture. In this titanium oxoalkoxide compound, x may
be from 2 to 20, for example from 2 to 10. Examples
thereof may include, but are not limited to, a
titanium alkoxide dimer such as [Ti2O](OEt) 6,
[Ti2O](O-n-Pr) 6, [Ti2O](O-n-Bu) 6 and the like; a
titanium alkoxide heptamer such as [Ti7O4](OEt) 2O,
[Ti7O4](O-n-Pr) 20 [Ti7q 4](O-n-Bu)20 and the like; a
titanium alkoxide octamer such as [Ti8O6](OCH2Ph)2O
and the like; a titanium alkoxide decamer such as
[TiioO8](OEt) 24 and the like; a titanium alkoxide
undecamer such as [Ti11Oi 3](O-J-Pr)I 8 and the like;
a titanium alkoxide dodecamersuch as [Tii2q
i6](O-i-Pr)i6 and the like; a titanium alkoxide
hexadecamer such as [Ti-i 6Oi 6](OEt)3 2 and the like;
and a titanium alkoxide heptadecamer such as [Ti 170
24](0-i-Pr) 2o and the like. [0052] The titanium
compound used in the method of the present invention
is 



produced from a reaction mixture of a partial
hydrolysate of titanium tetraalkoxide and an optically
active ligand represented by the general formula (II)
or a titanium oxoalkoxide compound represented by the
above general formula (I) and an optically active
ligand represented by the general formula (II), [0053]
In the above general formula (II), R2, R3 and R4 are
independently a hydrogen atom, an alkyl group, an
alkenyl group, an aryl group, an aromatic heterocyclic
group, a non-aromatic heterocyclic group, an acyl
group, an alkoxycarbonyl group or an aryloxycarbonyl
group, each of which may be optionally substituted,
wherein alkyl and aryl are as defined above; two or
more of R2, R3 and R4 may be linked together to form a
ring, and the ring may have a substituent; and A
represents a hydrocarbon containing group with three
or more carbon atoms having an asymmetric carbon atom
or axial asymmetry. [0054] In one embodiment of the
present invention, R2, R3 and R4 may be an optionally
substituted linear, branched or cyclic alkyl group
having 1 to 20 carbon atoms, for example 1 to 10
carbon atoms, as defined above. In one embodiment
ofthe present invention, the aryl group in R2, R3 and
R4 may have 6 to 20 carbon atoms, such as 6 to 10
carbon atoms. In one embodiment R2 is hydrogen. [0055]
Furthermore, two or more of R2, R3 and R4 may be
linked together to form a ring. The ring may be an
aliphatic or aromatic hydrocarbon ring. The formed
ring may be a condensed ring. In one embodiment of the
present invention the aliphatic hydrocarbon ring may
be a 10 or less membered ring, such as a 3- to
7-membered ring, for example a 5- or 6-membered ring.
The aliphatic hydrocarbon ring may have unsaturated
bonds. The aromatic hydrocarbon ring may be, for
example, a 6-membered ring, that is, a benzene ring.
For example, when R3 and R4 are linked together to
form -(CHb)-T or -CH=CH-CH=CH-, a cyclohexene ring
(included in the aliphatic hydrocarbon ring) or a
benzene ring (included in the aromatic hydrocarbon
ring) is formed, respectively. In one embodiment of
the present invention, R3 and R4 form a benzene ring.
[0056] The ring formed may be optionally substituted
as described above. In one embodiment of the present
invention, the ring may have one, two or three
substituents. [0057] In the above general formula
(II), A represents an optically active hydrocarbon
containing group with three or more carbon atoms
having an asymmetric carbon atom or axial asymmetry.
In one embodiment, the optically active hydrocarbon
containing group may have 3 to 20 carbon atoms, for
example 3 to 10 carbon atoms, which may be optionally
substituted. 



[0058] As the optically active hydrocarbon containing
group A as defined above, optically active hydrocarbon
containing groups represented by the following general
formulae (A-1) to (A-3) are suitable. In the formulae,
parts indicated as (N) and (OH) do not belong to A,
and represent a nitrogen atom and a hydroxyl
groupcorresponding to those in the above general
formula (II) to which A is bonded. [0059] In the above
general formula (A-1), Ra, Rb, Rc and Rd are each
independently a hydrogen atom, an alkyl group, an aryl
group, an alkoxycarbonyl group, an aryloxycarbonyl
group or an aminocarbonyl group, each of which may be
optionally substituted, two or more of Ra, Rb, Rc and
Rd may be linked together to form a ring and the ring
may be optionally substituted; at least one of Ra, Rb,
Rc and Rd is not hydrogen; both or at least one of the
carbon atoms indicated as * become an asymmetric
center. [0060] An alkyl group, an aryl group, an
alkoxycarbonyl group and an aryloxycarbonyl group in
Ra, Rb, Rc and Rd are the same as the alkyl group, the
aryl group, the alkoxycarbonyl group and the
aryloxycarbonyl group as in the above R2 to R4. In one
embodiment of the present invention one of Ra or Rb
and one of R0 or Rd are hydrogen. [0061] In one
embodiment, two or more of Ra, Rb, Rc and Rd may be
linked together to form a ring. The ring may be an
aliphatic hydrocarbon and the formed ring may be
further condensed to form a ring. In one embodiment,
the ring may be a3- to 7-membered ring or a 5- or
6-membered ring. For example, when Ra and Rc are
linked together to form -(CH2)3-, a 5-membered ring is
formed. The thus formed ring may be optionally
substituted. [0062] In one embodiment of the present
invention, the optically active hydrocarbon containing
group represented by the above general formula (A-1 )
may include those represented by the following
formulas (A-1 a) to (A-1x), their enantiomers and the
like.FLUID CARTRIDGE, PUMP AND FLUID VALVE ARRANGEMENT
DESCRIPTION [0001] The present invention relates to a
fluid cartridge, a pump and a fluid valve arrangement.
[0002] The Lab-on-a-chip (LOC) technology has reached
a certain level of maturity where fundamental
microfluidic operations (e.g. sampling, mixing,
filtration, and extraction) can be simply integrated
into a point-of-care diagnostic assay. It is believed
that such portable assays would decentralize clinical
tests and benefit public health tremendously by
providing reasonably accurate test results rapidly at
a lower cost without resorting to trained personnel
and fixed instruments. Despite their success in
research settings, these assays are still at large
from commercial domain mainly due 



to a lack of a user-friendly compact fluid pump that
can deliver reliable flow rates and a user-friendly
compact fluid valve that can reliably regulate fluid
flow. [0003] Conventional pumps that are widely used
in research settings are mostly mechanical and mainly
include syringe pumps and pneumatic pumps (regulated
source of pressurized gas or vacuum). Syringe pumps
can deliver precise flow rates while pneumatic pumps
can maintain a specified gauge pressure. However,
these pumps, apart from being bulky, usually burden
the user with establishing leakproof fiuidic
connections. On the other hand, non-mechanical pumps
such as electrokinetic flow control do not need
fluidic connections as the pumping action is driven by
voltage potentials directly applied across the liquid
via electrodes. These pumps are more common in
molecular sieving and work based on the principles of
electroosmosis or electrophoresis. However, they
suffer from drawbacks such as bubble formation around
the electrodes and the flow dependence on the liquid
composition and surface charge. Moreover, the pumping
action requires high voltages typically delivered by a
bulky power supply. [0004] Miniaturization of
mechanical pumps or micropumps has been an intense
field of research in order to attain truly integrated
and/or portable microfluidic systems. The vast
majority of the micropumps rely on compliant parts
(membrane ordiaphragm) for displacing volume and
additional components for rectifying flow direction
(difruser or check valve). Moreover, actuators driving
the compliant parts convert energy input into
mechanical work through mechanisms which can be
electrostatic, electromagnetic, piezoelectric,
thermomechanic, or pneumatic in nature. Most of the
earlier micropumps are made of semiconductor-type
materials (e.g. silicon or polysilicon) since their
miniaturization follows techniques originally
developed for integrated circuits. However, such
materials are stiff, fragile, and thus can only
provide limited volume of displacement given the pump
size. Furthermore, most of these micropumps come in
contact with the pumped fluid and their sophisticated
fabrication disqualifies them from being considered
disposable for bioassays. [0005] Further, there exists
an inherent limitation with the miniaturization: the
pumped energy drops at least several orders of
magnitude with the dimensional scaling of the pump
actuator whereas the fiuidic resistance increases with
viscous forces taking over inertia in small
microchannels. This could be considered a small price
to pay for bypassing the troublesome task of
macro-to-micro fiuidic interface by having a fully
integrated fluid delivery. Although, this integration
is paramount to point-of-care diagnostics, such
feature should be sought without compromising on the
pump performance. 



[0006] Thus, it would be desirable to have a compact,
reliable and nevertheless inexpensive pump and fluid
valve which are suitable to be used in LOCtechnology.
[0007] To this end, the invention provides a fluid
cartridge according to claim 1, a pump according to
claim 61, a fluid valve arrangement according to claim
76, and a fluid cartridge according to claim 85.
Further embodiments of the fluid cartridge, the pump
and the fluid valve arrangement are described in the
respective dependent claims. [0008] The fluid
cartridge according to the present invention is
suitable of accommodating one or more fluids
(reagent(s), sample(s), product(s)) in the at least
one fluid channel thereof and suitable of forming a
part of the pump or valve arrangement according to the
present invention thereby allowing direct integration
ofthe pump and valve arrangement without the
requirement of interface tubing. Further, the fluid
cartridge according to the present invention is easy
and inexpensive to manufacture and, thus, also fulfils
the disposability criterion. The pump according to the
present invention can be used in LOC technology and
allows for the provision of a self-contained portable
microfluidic system for point-of-care diagnostics.
[0009] According to an aspect of the present
invention, a fluid cartridge comprises a channel layer
within which at least one circumferentially sealed
fluid channel is formed. The channel layer comprises a
substrate and an elastic layer fixedly arranged on the
substrate, wherein the substrate has a rigidity being
greater than that of the elastic layer. The at least
one fluid channel is defined on at least one side
thereof by the elastic layer. For example, the elastic
layer and the substrate are bonded together by gluing.
For example, the rigidity of the substrate relative to
the elastic layer can be adjusted via the material of
the substrate or via a mechanical constraint. For
example, the rigidity of the substrate relative to the
elastic layer may be adjusted via the thickness of the
substrate and/or of the elastic layer or by inserting
one or more elements for adjusting the rigidity into
the substrate, for example one or more ribs. The at
least one fluid channel can have any suitable
cross-section. For example, the at least one fluid
channel has a rectangular or circular cross-section.
The cross-section of the fluid channel may also vary
along the length of the fluid channel but this does
not have to be the case. Circumferentially sealed
means that the fluid channel is completely surrounded
by the channel layer, that is, the fluid channel is
circumferentially closed/sealed and not open to one
side thereof so that a fluid can be accommodated and
stored therein without leaking or escaping from the
fluid channel. Since at least a portion or side of the
fluid channel is defined by the elastic layer, the
fluid channel may be compressed by depressing the
elastic layer. The fluid cartridge 



according to the present invention is easy and
inexpensive to manufacture. Therefore, a set of
disposable different fluid cartridges may be provided,
wherein each fluid cartridge is provided for a
different assay. Depending on the desired assay to be
performed the respective fluid cartridge
(assay-specific or application-specific cartridge) may
then be used in the pump according to the present
invention and may be disposed afterwards and replaced
by another fluid cartridge.[0010] According to an
embodiment, the fluid channel can be exclusively
formed within the elastic layer, that is, beneath the
upper surface thereof and above the lower surface
thereof. That is, all sides of the at least one fluid
channel are defined/limited by the elastic layer. In
this embodiment, the substrate does not take part in
forming and limiting the fluid channel. For example,
in this embodiment, the fluid channel can be formed by
extruding the elastic layer in the desired shape or by
providing a hole in the elastic layer, for example, by
drilling. According to another example, the fluid
channel may be formed within the elastic layer by
providing a groove on a surface of a first elastic
layer and by covering the surface comprising the
groove with a second elastic layer. For example, the
groove may be provided by machining the elastic layer,
by extruding the elastic layer or by moulding, for
example replica moulding (or soft-lithography), the
elastic layer in a desired shape. [0011] According to
another embodiment, the at least one fluid channel can
be defined on at least one side thereof by the
substrate. That is, the at least one fluid channel is
not limited by only the elastic layer but also by the
substrate. For example, the fluid channel can be
partly formed within the elastic layer and partly
formed within the substrate hi this case, the upper
side/part of the channel is defined/limited by the
elastic layer, wherein the lower side/part of the
channel is defined by the substrate, and wherein the
lateral sides/parts of the fluid channel are
defined/limited by both the elastic layer and the
substrate. In other words, in this example, the fluid
channel is formed by two mating grooves, wherein one
groove is formed on the lower surface of the elastic
layer, and wherein the other groove is formed on the
upper surface of the substrate. According to another
example of this embodiment, only the lower side/part
of the fluid channel is limited/defined by the
substrate, wherein all other sides/parts are limited
by the elastic layer. In other words, in this example,
the fluid channel is formed by a groove provided on
the lower surface of the elastic layer, wherein the
groove is covered/sealed with the substrate. According
to yet another example of this embodiment, only the
upper side of the fluid channel is limited by the
elastic layer, wherein the other sides are limited by
the substrate hi other words, in this example, the
fluid channel is formed by a groove provided on the
upper surface of 



the substrate, which is covered/sealed with the
elastic layer hi any of the examples of this
embodiment, if a groove is to be provided in the
elastic layer, the groove can be formed by machining
the elastic layer, by suitably extruding the elastic
layer or bysuitably moulding the elastic layer. If a
groove is to be provided in the substrate, the groove
can be formed by machining, etching, extruding, or
moulding the substrate layer. [0012] In any of the
above embodiments, the elastic layer may comprise an
elastomer which, for example, can be selected from the
group consisting of a silicone elastomer, for example
polydimethylsiloxane (PDMS), polyisoprene,
polychloroprene, natural rubber, latex, butyl rubber,
ethylene propylene rubber, Polyether block Amide,
polybutadiene, polyurethane, perfluoro polymers, for
example perfluoropolyether (PFPE) elastomer,
polyimide, parylene, and ethyl-vinyl acetate. The
elastic layer can be made of a single material or can
be made of a mixture of different materials. The
elastic layer may also be a composite layer. [0013] In
any of the above embodiments, the substrate may have a
substantially planar upper surface, wherein the lower
surface of the elastic layer is arranged on said
planar upper surface of the substrate and faces said
planar upper surface of the substrate. [0014] In any
of the above embodiments, the substrate may be
provided as a plate. For example, the plate can have a
round shape, for example a circular shape, a
rectangular shape or the shape of a polygon. For
example, the elastic layer and the substrate can have
the same or a similar shape but this does not have to
be the case. Also the substrate can be made of a
single material or can be made of a mixture of
different materials. The substrate may also be a
composite layer. [0015] In any of the above
embodiments, the substrate may be made of an
electrically/magnetically inert material that does not
behave as a magnetic shield. For example, the
electrically/magnetically inert material can be
silicon or glass. According to another example, the
electrically/magnetically inert material can be an
organic polymeric material or an inorganic ceramic
material. For example, the polymeric material can be
selected from the group consisting of an acrylic
polymer, for example polymethylmethacrylate (PMMA) or
methylmethacrylate (MMA), polycarbonate, cyclic olefin
copolymer (COC) and polystyrene. When the fluid
cartridge is used in the pump or in the fluid valve
arrangement according to the present invention
whichrespectively can comprise a magnetisable pressing
element and a magnetic field device, the substrate
made of one or more of the above materials does not
affect the magnetic field /interfere with the magnetic
field acting on the pressing element. Of course, also
the elastic layer should not affect the magnetic field
/interfere with the 



magnetic field that acts on the pressing element.
[0016] In any of the above embodiments, at least a
portion of the at least one fluid channel can
longitudinally extend within the channel layer in the
shape of a circular arc. In other words, the footprint
of the fluid channel layer may have the shape of a
circular arc. [0017] In any of the above embodiments,
at least a portion of the at least one fluid channel
can longitudinally extend within the channel layer in
a spiral shape. Thereby, the available space in the
channel layer can be effectively used thereby reducing
the overall size of the cartridge and increasing
compactness thereof. [0018] In any of the forgoing
embodiments, at least a portion of the at least one
fluid channel can have a meander shaped footprint.
Similar to the spiral shape this has the effect that a
high percentage of the available space in the channel
layer can be utilized for accommodating one or more
fluids therein thereby reducing the overall size of
the cartridge and increasing compactness thereof. Both
the spiral shape/footprint and the meander
shape/footprint are suitable for storing a plurality
of different fluids in only one fluid channel.
However, it is also possible to only store a single
fluid in the at least one fluid channel. [0019] In any
of the above embodiments, a microfluidic chip can be
provided in or on the channel layer so as to be in
fluid connection with the at least one fluid channel.
For example, the microfluidic chip can be provided in
or on the elastic layer. However, the chip may also be
provided in or on the substrate layer. For example,
the microfluidic chip can be a silicon-based
microfluidic chip for extraction of a chemical or
biological substance from a fluid comprising the
chemical or biological substance and for purification
of the chemical or biological substance. For example,
the microfluidic chip can be directly integrated into
the channel layer, for example in the elastic layer.
Any microfluidic chip known in the art can be used in
the presentinvention. Illustrative examples of such a
microfluidic chip include, but are not limited to, the
microfluidic chips described in WO 2005/066343, US
6,368,871, US 6,379,626, or Kim et al., Proc. Of the
IEEE Conference on MEMS, 2002, 15, pages 133-166, for
example. However, the microfluidic chip can also be
provided separately from the channel layer. In this
case, for example, the microfluidic chip may be
attached to the elastic layer, for example by bonding
(for example, by means of a double-sided adhesive
tape), and connected to the fluid channel via a
fluidic port provided in the channel layer. According
to another example, a cavity may be provided in the
elastic layer and/or in a rigid covering layer
arranged on top of the elastic into which the
microfluidic chip may be inserted. For example, the
microfluidic 



chip can be designed for nucleic acid extraction and
purification from a whole blood or bodily
(physiological) sample. For example, the microfluidic
chip can be designed for performing immunoassay on a
physiological sample. The microfluidic chip may have
one or more inlets and one or more outlets. The
microfluidic chip may also integrate several
functionalities such as cell trapping, cell lyses and
nucleic acid purification. The microfluidic chip can
be designed to perform one or more microfluidic
operations such as mixing, filtration, extraction,
etc. [0020] In any of the above embodiments, a
covering layer having a rigidity being greater than
that of the elastic layer may be provided on top of
the elastic layer. For example, the relatively rigid
covering layer may be arranged on the elastic layer
via any available bonding method. By providing a
covering layer on top of the elastic layer any
undesired expansion of the elastic layer in places
other than those defining/surrounding the fluid pump
channel can be suppressed. Further, any fluidic
discharge through the potentially gas-permeable
elastic layer can be prevented, such as a discharge of
separating fluid (for example, gas charge/plug),
thereby preventing possible cross-contamination of
reagents stored within the elastic layer with the loss
of separating fluid. Further, a guiding (orbital)
channel for accommodating and guiding one or more
pressing elements therein can be formed within the
covering layer. In this case, the pressing element(s)
of the pump may be supplied together with the
cartridge and may be discarded with the cartridge
after usage of the same. [0021] In any of the above
embodiments, one or more fluid storage containers
and/or one or more fluid storage lines can be arranged
in or on the channel layer (forexample, in or on the
elastic layer) so as to be in fluid connection with
the at least one fluid channel. For example, the one
or more fluid storage containers and/or the one or
more fluid storage lines are non-integrally formed
with regard to the channel layer, that is, the fluid
storage lines/containers and the elastic layer/channel
layer are not formed as one part, and are removably
and/or replaceably arranged in or on the channel
layer. For example, the one or more fluid storage
containers and/or the one or more fluid storage lines
are pluggable into and unpluggable out of the elastic
layer/channel layer. The one or more fluid containers
and/or the one or more fluid storage lines are used
and designed for accommodating fluids therein and are
in fluid connection with the at least one fluid
channel so as to receive a fluid (educt, product) from
the fluid channel and collect it in the container/line
and/or to release a fluid (educt, reagent, sample)
from the container/line into the fluid channel. The
fluid storage containers and fluid storage lines allow
for a more modular design of the fluid cartridge
thereby increasing flexibility thereof, and further
allow for increasing 



storage capacity by introducing a third dimension for
fluid storage in addition to the planar quasi-2D
channel layer. For example, the fluid storage line is
a tube being bent or bendable into a substantial
U-shape and/or helical shape. For example, the
containers are formed in a box shape with an inlet and
an outlet port. By means of the containers/lines
separate fluid channels may be connected with each
other in any desired form/combination. For example, a
fluid storage container can be mounted on the channel
layer so as to bridge two disconnected (segregated)
planar fluid channels in the cartridge. For example,
at least two fluid storage containers/lines can be
mounted in "series" meaning both containers/lines
bridge a same isolated single channel or chamber to
other channels within the cartridge. For example, at
least two fluid storage containers/lines can be
mounted in "parallel" meaning both source from the
same fluid channel and/or both terminate at the same
fluid channel (there could be other configurations of
"parallel" mounting storage containers/lines including
all possible combinations of pairing their source and
termination channels within the cartridge). It is also
possible that two or more fluid storage containers
and/or two or more fluid storage lines branch of from
the same fluid channel. It is also possible that two
(or more) fluid storage containers and/or two or more
fluid storage lines are arranged in the channel layer
so as to source from a different fluid channels and
terminate at another same fluid channel.[0022]
According to another embodiment, two separate fluid
channels can be connected via a dummy, that is, a
dummy container or a dummy line, wherein the dummy is
replaced by a fluid storage container/line comprising
a sample therein before usage of the cartridge/pump.
The dummy can be used to keep the cartridge/fluid
channel closed/blocked until the user replaces it with
a new line/container that contains the sample to be
analyzed/processed. [0023] According to another
embodiment, a plurality of fluid storage containers
and/or fluid storage lines can be provided in or on
the channel layer and connected in series via at least
one fluid channel, with a microfluidic chip being
connected therebetween. In this embodiment, a number
of containers/lines is arranged before the chip and a
number of containers/lines is arranged after the chip.
The containers/lines arranged before the chip
respectively contain therein a reagent or a sample.
The containers/lines arranged behind the chip may be
empty. During operation of the pump the reagents and
sample(s) are pumped through the chip and are
collected in the containers/lines arranged after the
chip. After operation of the pump the corresponding
container/line having the product therein may be
removed from the cartridge. For example, the at least
one fluid channel can be formed in a closed loop of 



two substantially concentric circular arc portions
which are connected with each other at their
respective ends. [0024] In any of the above
embodiments, a plurality of different fluids may be
stored within a single fluid channel, wherein the
different fluids are arranged in series and are
separated from each other. For example, the different
fluids can be separated from each other by a
separating fluid being immiscible with the adjacent
fluids. For example, the separating fluid is an inert
gas, for example a noble gas, nitrogen or carbon
dioxide, or an air charge or a liquid which has very
low solubility or is immiscible with regard to the
adjacent fluids. However, alternatively the different
fluids may also be separated by a thin wall which
breaks when the fluid in the fluid channel is
pressurized. According to this embodiment, it is
possible to store within only one fluid channel a
plurality of different fluids thereby providing a
simple but nevertheless efficient cartridge structure,
wherein contamination and blending of the respective
fluid with an adjacent fluid can be reliably
prevented. For example, several reagents (washing
solution, buffer solution, etc.) may be stored in the
fluid channel,which are required for a certain assay
performed on an LOC being in fluid connection with one
end of the fluid channel, such that when the fluid
channel is pressurized the reagents enter the LOC in
the order/sequence in which they are stored in the
fluid channel. Thus, in this example, the reagents are
stored in the fluid channel in their order of use and
in the corresponding volume required in the assay for
which the fluid cartridge is designed. [0025] In the
above embodiment, the single fluid channel can be
connected to an inlet of a microfluidic chip at one
side thereof, and a working liquid can be stored in
the single fluid channel between the other side
thereof and the plurality of different fluids. For
example, the working liquid can be inert with regard
to the channel layer and the chip and does not contain
any gas therein. For example, the working liquid and
the plurality of different fluids can be separated
from each other by an immiscible separating fluid. If
a working liquid/pumping liquid is stored behind the
different fluids, the different fluids can be
indirectly pushed into the chip by pressurized working
liquid. Thus, the pumping channel can be kept free of
the different fluids (sample, reagents, etc.), and a
proper liquid can be used for creating the pressure
required to push the different fluids into the chip.
For example, the one end of the single fluid channel
can be indirectly fluid-connected to the microfluidic
chip via another fluid channel serving as a chip inlet
channel which is connected to the single fluid channel
via a dummy which can be replaced by a fluid storage
container/line containing a sample therein before the
cartridge/pump is operated. For example, the 



other end of the single fluid channel can be in
indirect fluid connection with an outlet of the chip
via yet another fluid channel serving as a chip outlet
channel which is connected to the other end of the
single fluid channel via a removable fluid storage
container/line which contains therein the product at
the completion of the cartridge/pump operation. [0026]
According to another embodiment, a plurality of
separate fluid channels can be formed within the
channel layer. For example, a different fluid can be
stored in each of the plurality of fluid channels.
Further, it is also possible to store in one or more
of the plurality of fluid channels a sequence of
different fluids as described above. For example, each
of the plurality of fluid channels may comprise a
circular arc portion, each of said circular arc
portions having the same radius, and thecircular arc
portions of the plurality of fluid channels being
arranged along a same circular path. In this example,
an end portion of each of the plurality of fluid
channels may be arranged within the circular path,
wherein an LOC-chip can be provided within the
circular path and in fluid connection with one end of
each of the plurality of fluid channels. For example,
the other end portion of each of the plurality of
fluid channels substantially comprises a meander
shaped portion. If each fluid channel substantially
comprises a meander shaped portion, a large amount of
fluid may be stored in the respective fluid channel.
If an end portion of each of the plurality of fluid
channels is arranged within the circular path, a
device for carrying out an assay, such as a microchip
for carrying out a bioassay, can be simply placed
inside of the circular path and can be fluid-connected
with the respective end portion. If each of the
plurality of fluid channels comprises a circular arc
portion, each circular arc portion has the same radius
and the circular arc portions are arranged along a
same circular path, the fluids stored in the different
fluid channels can be delivered to an assay device
placed inside of the circular path
quasi-simultaneously by moving a pressing element
along the circular path for several revolutions
thereby squeezing the fluid channel. Further, it is
also possible to deliver/pump the fluids stored in the
different fluid channels simultaneously by providing
multiple pressing elements with each pressing element
being dedicated to a given arc channel at a time.
[0027] According to another embodiment of the
invention, a plurality of separate fluid channels can
be formed within the channel layer, each of the
plurality of fluid channels comprising a circular arc
portion, each of said circular arc portions having the
same radius, and the circular arc portions of the
plurality of fluid channels being arranged along a
same circular path, an end portion of each of the
plurality of fluid channels being arranged within the
circular path and fluid-connected to an LOCchip, 



wherein at least one of the end portions arranged
within the circular path is connected to the
corresponding inlet of the chip via a separate fluid
channel serving as a chip inlet channel which is
connected to the at least one end portion via a dummy
being replaceable by a fluid storage container/line
containing a sample therein. For example, the other
end portion of each of the plurality of fluid channels
is fluidconnected to a separate outlet of the chip via
a respective separate fluid channel serving as a chip
outlet channel, the respective chip outlet channel
being connected to the respective other end portion
via a removable fluid storage container/line.Depending
on the chip, the cartridge according to this
embodiment can be used for performing multiple assays
with a single cartridge in parallel or can be used for
performing a single assay which requires multiple
inputs to the chip. [0028] According to another
embodiment, the at least one fluid channel is
connected to an inlet of an LOC-chip at one end
thereof, wherein one or more fluids are stored in the
at least one fluid channel, and wherein a working
liquid is stored in the at least one fluid channel
between the other end thereof and the one or more
fluids. This has the above described effect, that a
suitable working liquid can be used in the fluid pump
channel for creating the required pressure to push the
different fluids into and out of the chip. [0029]
According to another embodiment, a plurality of
circumferentially sealed channels or chambers can be
formed within the channel layer, the fluid cartridge
further comprising a plurality of fluid storage
lines/containers connected in series via the plurality
of channels or chambers and respectively comprising a
different fluid therein, and a first and a last of the
plurality of fluid storage lines/containers having a
respective free end serving as a connection end,
wherein one of the two connection ends is in fluid
connection with a fluid channel containing a working
liquid therein. In this embodiment, the fluids can be
exclusively stored in the fluid storage
lines/containers which are connected in series and can
be fluid-connected on one side thereof to an assay
device such as a microchip, wherein the other side
thereof is in fluid connection with the fluid channel
comprising the working liquid. In this case, the fluid
channel having the working liquid therein can
exclusively serve as a pumping channel through which a
pumping fluid, for example deionised water, is pumped
to thereby push the fluids stored in the fluid storage
lines/containers forward and into the assay device. If
the fluids are stored downstream of the pumping
channel and only the pumping fluid is pumped through
the fluid channel/pumping channel, the pumping fluid
being free of air gaps or air bubbles, the flow rate
is easier to control, less fluid contamination occurs,
no fluids are wasted and higher backpressures can be 



achieved. For example, each chamber can be filled with
a separating fluid, such as an inert gas, being
immiscible with the fluid in the respective fluid
storage line.[0030] According to another aspect of the
present invention, a pump comprises a fluid cartridge
according to any of the above embodiments, wherein a
fluid pump channel is formed by at least a portion of
the at least one fluid channel of the fluid cartridge,
and wherein the pump further comprises at least one
pressing element, the at least one pressing element
and the fluid cartridge being movable relative to each
other, wherein by the at least one pressing element
the elastic layer can be successively depressed along
the fluid pump channel when the pressing element and
the fluid cartridge are moved relative to each other
to thereby compress a corresponding portion of the
fluid pump channel, and a driving device by which the
at least one pressing element and the cartridge can be
pressed against each other to cause the at least one
pressing element to depress the elastic layer, and by
which the at least one pressing element and the
cartridge can be moved relative to each other to cause
the pressing element to relatively move along the
fluid pump channel. For example, the pressing element
is moved along the fluid pump channel to thereby
compress a respective portion of the fluid pump
channel. However, it also possible to alternatively
rotate the cartridge while keeping the pressing
element fixed. Further, it is also possible to move
both the pressing element and the cartridge. For
example, the pump according to the present invention
can be used as a microfluidic pump for so called
lab-on-chip applications. For example, the pump can be
operated as a peristaltic pump. With the pump
according to the present invention any interface
tubing as required with systems having a separate pump
and a separate fluid cartridge can be avoided. Due to
the above design the pump according to the present
invention may be made compact, is easy to manufacture
and nevertheless operates in a reliable manner. For
example, a disposable fluid cartridge can be used as
the fluid cartridge, wherein the pressing element and
the driving device are endurable parts of the pump. In
this case, after the operation of the pump the
pressing element is released from the elastic layer
and the used fluid cartridge is disposed and replaced
by another (fresh) cartridge. For example, the
pressing element can be formed by one or more rolls or
press shoes which are guided along and pressed against
the fluid pump channel by the driving device. [0031]
According to an embodiment of the pump of the present
invention, the pressing element can be magnetisable
and the driving device can comprise a magnetic field
device providing a moving magnetic field acting on the
pressing element. Thepump according to this embodiment
is easy to manufacture, and the pressing element and
the driving device operate almost wear-free. In the
case of a disposable fluid 



cartridge, after the operation of the pump the magnet
field acting on the magnetisable pressing element can
be reduced or switched off by the magnetic field
device thereby releasing the pressing element from the
elastic layer so that the used fluid cartridge can be
easily replaced by a fresh one. However, it is also
possible to manually remove the pressing element by
applying an external force to overcome the magnetic
force. It is also possible that the pressing element
can be sacrificed and disposed together with the
cartridge by simply moving the cartridge away. In this
case, the pressing element can be enclosed in the
cartridge. [0032] In any of the above embodiments of
the pump according to this invention, the pressing
element may be a round object, for example a ball hi
the case of a disposable fluid cartridge, after the
operation of the pump the ball may be simply
elevated/removed from the elastic layer so that the
used fluid cartridge can be replaced by a fresh one.
During operation of the pump the ball is simply
laid/placed on the upper surface of the elastic layer
and is rolled thereon along the fluid channel formed
within the channel layer, wherein rolling/movement of
the ball is controlled by the driving device. Thus,
the ball successively depresses the fluid pump channel
to thereby compress a respective portion of the fluid
pump channel, whereby the fluid in the fluid pump
channel is displaced. To vary the amount of fluid
displaced by the ball the force applied on the elastic
layer by the ball and/or the velocity of the ball may
be varied. The size of the ball depends on the
size/cross-section of the fluid channel and is
selected appropriately. [0033] hi any of the above
embodiments of the pump according to the present
invention, at least a portion of the fluid pump
channel can have the shape of a circular arc. In this
embodiment, the pressing element may be simply moved
in/along a circle having the same diameter as the
circular arc portion of the fluid pump channel so that
during each cycle (=one complete circulation along the
circle) the pressing element successively depresses
the fluid pump channel, thereby displacing fluid from
one end of the fluid pump channel to the other end of
the fluid pump channel. According to an example of
this embodiment, the driving device can comprise a
rotary element provided above or beneath the fluid
cartridge, on which a magnet (permanent magnetor
electromagnet) is eccentrically placed which is
rotated along a circumferential path substantially
coincident with the circular arc portion of the fluid
pump channel when the rotary element is rotated. For
example, the rotary element can be a rotary disk or a
rotary bar. Thereby, provided that the pressing
element is magnetisable, the pressing element can be
easily moved along a circle by simply rotating the
rotary element. For example, the magnet and the
pressing element such as a magnetisable ball can be 



placed with each facing an opposite planar surface of
the cartridge. To vary the force applied on the
elastic layer by the pressing element the rotary
element and the cartridge/ substrate may be simply
moved relative to each other in the axial direction of
the rotary element, and to vary the velocity of the
pressing element the rotational speed of the rotary
element may be varied. Further, pumping efficiency
(flow rate, pressure) can be also adjusted by
adjusting compliance/elasticity of the elastic layer
either by tailoring material properties of the
elastomer and/or by properly choosing geometry of the
fluid pump channel or thickness of the elastic layer.
[0034] However, it is also possible that the pump uses
only direct contact force and no field force. In this
case, for example, the elastic layer of the cartridge
and the pressing element may be held/pressed against
each other by a mechanical constraint such as a clamp
while the cartridge and/or the pressing element are
moved relative to each other, for example by means of
a rotating element. It is also possible to employ a
combination of both contact and field forces. [0035]
In any of the above embodiments of the pump according
to the present invention, a plurality of separate
fluid pump channels may be formed within the channel
layer, wherein each of the plurality of fluid pump
channels comprises a circular arc portion, each of
said circular arc portions having the same radius, and
the circular arc portions of the plurality of pump
channels being arranged along a same circular path,
and wherein the driving device comprises a rotary disk
provided above or beneath the fluid cartridge, on
which a magnet (permanent magnet or electromagnet) is
eccentrically placed which is rotated along a
circumferential path substantially coincident with the
circular path when the disk is rotated. In this
embodiment, by moving the pressing element along the
circular path along which the circular arc portions of
the plurality of pump channels are arranged, during a
singlecycle of the pressing element the fluids
respectively stored in the plurality of fluid pump
channels can be successively displaced. [0036] In the
above embodiments, either a permanent magnet or an
electromagnet can be used as the magnet. If an
electromagnet is used as the magnet, the magnet may be
simply turned off/on after/before operation of the
pump. If a permanent magnet is used as the magnet, a
magnetic shield may be placed between the magnet and
the pressing element after operation of the pump and
may be removed therefrom before operation of the pump.
In addition or alternatively, the distance between the
magnet and the pressing element may be simply varied
thereby reducing/increasing magnetic force acting on
the pressing element. [0037] In any of the above
embodiments of the pump according to the present 



invention, the pump may comprise a plurality of
pressing elements. Thereby, in the case of a single
fluid pump channel, pump efficiency can be increased
and a smooth/uniform operation of the pump can be
achieved. In the case of multiple fluid pump channels,
in addition to the above effects, the fluids stored in
the different fluid pump channels can be pumped
simultaneously. Further, in this embodiment, a
plurality of magnets may be provided on the rotary
element (corresponding to the plurality of pressing
elements). [0038] In any of the above embodiments of
the pump according to the present invention, the
driving device can be at least partly provided as a
handheld system to run the pump. For example, the
handheld system can control or adjust the velocity of
the pressing element based on the sequence of fluids
stored in the fluid channel(s). Thus, the handheld
system may be used to control the flow rate of input
sample(s) and each reagent. For example, the handheld
system can be programmable and can execute a set of
downloaded instructions to control the duration and
rate of speed of the pressing element according to the
sample(s) and reagents and specific protocol given.
For example, the handheld system can provide an energy
input to the pump in order to power active components
provided within the cartridge. Such components may
include a heater, a sensor, a diode, an electrical
circuit, optics, a laser, an actuators etc. For
example, the handheld system can display a status of a
protocol (e.g. step 1, step 2, ..., or depending on
the application it can be more informative,
forinstance, Cell lysis step, Nucleic acid binding
step, Wash step, Elution step, Nucleic acid
amplification step, Detection step...) and/or can
display the results of an analysis or a process
performed by an LOC provided on the cartridge. [0039]
According to another embodiment of the pump according
to the present invention, a relatively rigid/stiff
covering layer can be provided on top of the elastic
layer. For example, a guiding channel can be formed in
the covering layer in which the at least one pressing
element is accommodated. Thereby, as stated above, any
undesired expansion/deformation of the elastic layer
and any gas/air leakage through the elastic layer can
be prevented. In this embodiment, after
operation/usage of the pump/cartridge, the pressing
element is discarded together with the cartridge.
[0040] According to another aspect of the present
invention, a fluid valve arrangement comprises a
channel layer within which at least one
circumferentially sealed fluid channel is formed, the
channel layer comprising a substrate, and an elastic
layer fixedly arranged on the substrate, wherein the
substrate has a rigidity being greater than that of
the elastic layer, and wherein the at least one fluid
channel is defined on at least one side thereof by the
elastic layer, the fluid valve arrangement 



further comprising a pressing element by which the
elastic layer can be depressed at least at a position
along the fluid channel to thereby close, that is,
completely or partially constrict, the fluid channel,
and a driving device by which the pressing element and
the elastic layer can be pressed against and released
from each other. Any of the above described
embodiments of the fluid cartridge can be used in the
fluid valve arrangement according to the present
invention. [0041] According to an embodiment of the
fluid valve arrangement according to the present
invention, the pressing element can be magnetisable,
and the driving device can be a controllable magnetic
field device for providing a magnetic field
controllably acting on the pressing element in a
manner to cause the pressing element to depress or to
release the elastic layer. [0042] In any of the above
embodiments of the fluid valve arrangement according
to the present invention, the pressing element may be
a round object, for example a ball.[0043] In any of
the above embodiments of the fluid valve arrangement,
the substrate may be made of a non-magnetisable
material that does not act as a magnetic shield.
[0044] In the above embodiments of the fluid valve
arrangement, the controllable magnetic field device
may comprise an electromagnet or a permanent magnet.
The electromagnet may be simply turned off/on to
release/attract the pressing element thereby
opening/closing the fluid channel hi the case of a
permanent magnet, the magnet and the pressing element
may be simply moved relative to each other to alter
the force acting on the pressing element. Additionally
or alternatively, the controllable magnetic field
device may comprise a magnetic shield and a mechanism
for placing the magnetic shield between the magnet and
the pressing element and for removing the magnetic
shield from therebetween. The controllable magnetic
field device may also comprise a plurality of
individually addressable magnetic shields, wherein the
mechanism is capable of selectively placing one or
more of the magnetic shields between the magnet and
the at least one pressing element. If a plurality of
pressing elements is provided, at least one separate
magnetic shield can be provided for each pressing
element. [0045] According to another aspect of the
present invention, a fluid cartridge comprises a
substrate in which a plurality of circumferentially
sealed chambers or channels is formed and a plurality
of fluid storage devices non-integrally formed with
respect to the substrate and connected in series via
the plurality of chambers or channels, each fluid
storage device comprising a different fluid therein,
and a first and 



a last of the plurality of fluid storage devices
having a respective free end serving as connection
end. The substrate of the fluid cartridge according to
this aspect of the invention may be either a flexible
substrate or a rigid substrate. For example, the
substrate of the fluid cartridge according to this
aspect of the invention may be one of the substrate or
elastic layer of the fluid cartridge according to the
first aspect of the present invention described above.
For example, one of the two free ends is connected
with a pump such as the pump according to the present
invention or any other suitable pump. For example, the
other of the two free ends is connected to a
microfluidic chip being located in or on the upper
surface of the substrate. For example, the
microfluidicchip can be a silicon-based microfluidic
chip for extraction and purification of a chemical or
biological substance from a fluid containing the
chemical or biological substance. For example, each
chamber can be filled with a fluid being immiscible
with the fluids stored in the fluid storage devices.
[0046] Figure 1 shows a cross-section of the fluid
cartridge according to a first embodiment of the
present invention; [0047] Figure 2 shows a
cross-section of the fluid cartridge according to a
second embodiment of the present invention; [0048]
Figure 3 shows a cross-section of the fluid cartridge
according to a third embodiment of the present
invention; [0049] Figure 4 shows a cross-section of
the fluid cartridge according to a fourth embodiment
of the present invention; [0050] Figure 5 shows a
cross-section of the fluid cartridge according to the
second embodiment of the present invention before and
after the elastic layer of the fluid cartridge is
depressed by a pressing element; [0051] Figure 6 shows
a general view of the pump according to a first
embodiment of the present invention; [0052] Figures 7
and 8 respectively show a general view of the pump
according to a second embodiment of the present
invention; [0053] Figures 9 and 10 show a top view
schematics on the pump according to a third and fourth
embodiment of the present invention, respectively;
[0054] Figure 11a shows a picture of a top view on the
pump according to a fifth embodiment of the present
invention, and Figures lib and lie show pump
characteristics of the pump according to the fifth
embodiment;[0055] Figure 12 shows a general view of a
fluid storage container for usage in the fluid
cartridge and/or the pump according to the present
invention, and Figure 13 shows several fluid storage
containers being mounted to the elastic layer of the
cartridge of the pump according to the second
embodiment of the invention; 



[0056] Figure 14 illustrates the pump according to a
sixth embodiment of the present invention; [0057]
Figure 15 illustrates another embodiment of a fluid
cartridge according to the present invention; [0058]
Figure 16 shows a schematic top view on the pump
according to a seventh embodiment of the present
invention. [0059] Figure 17 shows a schematic top view
on the pump according to an eighth embodiment of the
present invention; [0060] Figure 18 shows a schematic
top view on the pump according to a ninth embodiment
of the present invention; [0061] Figure 19 shows a
schematic top view on the pump according to a tenth
embodiment of the present invention; and [0062] Figure
20 shows a cross-section of the pump according to an
eleventh embodiment of the present invention. [0063]
Figures 21a to 21d show different schematic top views
on the pump according to a twelfth embodiment of the
present invention. [0064] Figures 22a to 22f show a
method of fabricating fluidic channels utilizing
tubings according to an embodiment of the present
invention. [0065] Figure 1 shows a cross-section of
the fluid cartridge according to a first embodiment of
the present invention. The fluid cartridge 1 comprises
a channellayer 3 within which at least one
circumferentially sealed fluid channel 5 is formed.
The channel layer 3 comprises a substrate 7 and an
elastic layer 9 fixedly arranged on the substrate 7 by
gluing or by any of the suitable bonding techniques
such as thermal bonding or surface-activated bonding
via oxygen plasma. According to this embodiment, the
substrate 7 is made of an acrylic material in the form
of a relatively thin stiff plate. Thus, the rigidity
of the substrate 7 is greater than the rigidity of the
elastic layer 9 thereby providing mechanical support
to the elastic layer 9. The at least one fluid channel
5 is formed within the elastic layer 9 beneath the
upper surface thereof and has a constant rectangular
cross-section. The fluid channel 5 is surrounded on
its upper side and lateral sides by the elastic layer
9 and on its lower side by the substrate 7, that is,
the fluid channel 5 is circumferentially sealed so
that a fluid can be accommodated and stored therein
without leaking or escaping from the fluid channel 5
except through the longitudinal ends thereof.
According to this embodiment, the elastic layer 9 is
manufactured by replica-moulding polydimethylsiloxane
(PDMS). The used mould is a relief structure defined
in a 130mm thick dicing or grinding tape (Lintec
Corporation, Japan or Furukawa Electric, Co. Ltd,
Japan). The thickness of the 



tape determines the depth of the channel 5 and the
tape thicknesses can be accordingly selected from
commercially available values. The tape is initially
laminated on a polished surface of an 8-inch silicon
wafer. A digitized negative image of the layout of the
elastic layer 9 is transferred on the tape by thermal
ablation via CO2 laser (M- 300 Laser Platform,
Universal Laser Systems Inc. 3OW maximum beam power
and 1905mm/s maximum beam speed). The laser beam
settings are adjusted (e.g. 1% of maximum beam power
and 0.3% of maximum beam speed) such that the laser
beam can cut through the tape without damaging the
silicon substrate. Parts of the tape are then
carefully removed from the layout. Then, the PDMS
pre-polymer mixture at a ratio of 1:10 by weight is
prepared, degassed, and then carefully poured on the
mould. A ring barrier around the relief structure
contains the pre-polymer mixture on the wafer. The
mixture is cured on a levelled table at room
temperature. After peeling from the mould, fluidic
vias may be punched in the PDMS layer. The elastic
layer 9 is then bonded to the stiff glass or
silica-based (e.g. silicon wafer with silicon oxide
coating) plate with the groove formed on the lower
surface thereof facing the upper surface of the
substrate 7, thereby forming the fluid channel
5.[0066] Figures 2 and 5 show a cross-section of the
fluid cartridge according to the second embodiment of
the present invention. According to this embodiment,
the fluid channel 5 is formed within the elastic layer
9 beneath the upper surface thereof and above the
lower surface thereof. That is, all sides of the fluid
channel 5 are defined by the elastic layer 9. As shown
in Fig. 5, in this embodiment, the elastic layer 9
consists of a first elastic layer 9a and a second
elastic layer 9b. In the second embodiment, the
substrate 7 is made of an acrylic material in the form
of a relatively thin stiff plate. The first elastic
layer 9a is manufactured by replica-moulding
polydimethylsiloxane (PDMS). The used mould is the
same as described above. However, after removing the
first elastic layer 9a from the mould, the first
elastic layer 9a is then bonded to the second elastic
layer 9b which is another, flat PDMS layer after
subjecting contact surfaces of both layers to
oxygen-plasma treatment. Finally, the elastic layer 9
is placed on or adhesive-bonded to the stiff acrylic
plate. [0067] Figure 3 shows a cross-section of the
fluid cartridge according to a third embodiment of the
present invention. The substrate 7 is again made of a
glass or silica-based material in the form of a
relatively thin stiff plate, and the elastic layer 9
is again made of polydimethylsiloxane (PDMS).
According to this embodiment, only the upper side of
the fluid channel 5 is surrounded by the elastic layer
9, wherein the other sides are limited by the
substrate 7. According to this embodiment, the fluid
channel 5 is formed by providing a groove on the upper
surface of the substrate 7, for 



example by machining or selective etching, and by
covering/sealing the groove with the elastic layer 9
thereby defining the fluid channel 5. [0068] Figure 4
shows a cross-section of the fluid cartridge according
to a fourth embodiment of the present invention. In
this embodiment, the fluid channel 5 has a constant
circular cross-section. The substrate 7 is again made
of a glass or silica-based material in the form of a
relatively thin stiff plate, and the elastic layer 9
is again made of polydimethylsiloxane (PDMS).
According to this embodiment, the fluid channel 5 is
partly formed within the elastic layer 9 and partly
formed within the substrate 7, that is, the upper side
of the fluid channel 5 is defined by the elastic layer
9, wherein the lower side of the fluid channel 5 is
defined by the substrate 7, and wherein the lateral
sides of the fluid channel 5 are defined by both the
elastic layer 9 and the substrate 7. According to this
embodiment, the fluid channel 5 is formed by providing
a groove oneach of the upper surface of the substrate
7 and the lower surface of the elastic layer 9, for
example by machining, selective etching, and
replica-moulding etc. Afterwards, the elastic layer 9
is fixedly arranged on the substrate 7 so that the two
grooves face and mate with each other thereby forming
the fluid channel 5. [0069] As can be seen in Figure 5
of the drawings, since the fluid channel 5 is defined
on at least one side thereof by the elastic layer 9, a
portion of the fluid channel 5 can be compressed by
depressing the elastic layer 9 on the at least one
side with a pressing element 11 such as a ball. Thus,
if the pressing element 11 is pressed and moved on the
elastic layer 9 along the fluid channel 5, fluid
stored in the fluid channel can be displaced. Figure 5
also illustrates the operation of a fluid valve
arrangement according to the present invention. [0070]
Figure 6 shows a general view of the pump according to
a first embodiment of the present invention. The pump
13 comprises a fluid cartridge 1 according to one of
the above embodiments. A fluid pump channel 15 is
formed by at least a portion of the at least one fluid
channel 5 of the fluid cartridge 1. The pump 13
further comprises a movable pressing element 11 and a
driving device 17. By means of the pressing element 11
the elastic layer 9 can be successively depressed
along the fluid pump channel 15 when the pressing
element 11 is moved therealong to thereby compress a
respective portion of the fluid pump channel 15. By
means of the driving device 17 the pressing element 11
can be controlled, that is, controllably pressed
against and moved along the fluid pump channel 15.
According to this embodiment, the pressing element 11
is a steel ball, and the driving device 17 comprises a
magnetic field device providing a moving magnetic
field acting on the steel ball. The fluid pump channel
15 comprises a circular arc portion, and one of the
two longitudinal 



ends of the fluid pump channel 15 is in fluid
connection with a fluid via formed in the channel
layer 3 and serving as a fluid pump channel inlet 19.
The other one of the two longitudinal ends of the
fluid pump channel 15 is in fluid connection with a
microfluidic chip 2 1 which is integrated/ buried in
the elastic layer 9 and comprises a chip inlet 23
connected to the other end of the two longitudinal
ends of the fluid pump channel 15 and a chip outlet
25. The fluid pump channel inlet 19 is in fluid
connection with a fluid source comprising one or more
reagents, samples, etc which are to be fed to the chip
21. The chip outlet 25 is connected to an output
reservoir. The magneticfield device comprises a rotary
disk 27 provided beneath the fluid cartridge 1, on
which a magnet 29 is eccentrically placed which is
rotated along a circumferential path substantially
coincident with the circular arc portion of the fluid
pump channel 15 when the disk 27 is rotated. In this
embodiment, a strong rare-earth magnet made of
neodymium (Nd2FeI B) is utilized to generate an
effective pumping power. For example, the rotary disk
27 is a circular 4-inch aluminium disk, and the magnet
29 is an arc-shaped/angled slab retrieved from a
computer hard-disk drive (Western Digital) and
securely off-centred on the 4-inch aluminium disk. The
disk 27 is joined at the centre by a shaft 3 1 of a DC
motor (MicroMotor 3042 from Faulhaber Germany). The
radius of the fluid pump channel 15 dictates the orbit
to be followed by the ball and hence sets the centre
position of the magnet 29 with respect to the shaft
centre. The fluid cartridge 1 is slightly elevated
from the rotary disk 27, wherein the rotary disk 27
and the fluid cartridge 1 are moveable relative to
each other in the axial direction of the rotary disk
27 to thereby adjust the distance between the ball and
the magnet 29 and, thus, the force applied on the
elastic layer 9 by the ball. For operating the pump 13
a cartridge 1 having a desired chip 2 1 integrated
therein is selected from a set of different cartridges
1 and is placed above the rotary disk 27 by means of a
fastener (not shown) with the centre of the fluid
cartridge 1 being aligned with the centre of the
rotary disk 27. Afterwards, the steel ball is laid
onto the elastic layer 9 above the fluid pump channel
15. Then, the distance between the rotary disk 27 and
the fluid cartridge 1 is adjusted by moving the rotary
disk 27 up or down. The ball is attracted by the
magnet 29 and, thus, squeezes a portion of the fluid
pump channel 15 as shown in Fig. 5. Then, the rotary
disk 27 is rotated via the shaft 31, wherein the
rotational speed of the rotary disk 27 is set in
accordance with the desired flow rate of the fluid in
the fluid pump channel 15. When the rotary disk 27 is
rotated, the ball follows the magnet 29 and, thus,
sequentially depresses the fluid pump channel 15
thereby displacing fluid and feeding it from the fluid
source into the chip 21. [0071] Figures 7 and 8 show a
general view of the pump according to a second 



embodiment of the present invention. According to the
second embodiment, the pump 13 comprises a fluid
cartridge 1 having a fluid channel 5 which spirally
extends within the channel layer 3. On the centre of
the fluid cartridge 1 a silicon-based microfluidic
chip 2 1 is directly bonded on the elastic layer 9
using a double-sided adhesive tape. A dyed-water
filling the fluid channel 5 emulate reagents typically
used in diagnosticassays. A steel ball is again used
as the pressing element 11 and is controlled by a
driving device 17 which is similar to that of the
previous embodiment. The rotary disk 27 of the driving
device 17 is driven by a controller 33 which may be
also provided as a handheld system. Via the controller
33 a user can adjust the rotational speed of the
rotary disk 27. In this embodiment, the controller 33
is a power supply by means of which the user can
manually change the applied voltage to thereby control
rotational speed of the rotary disk 27 and, thus, flow
rate of the pump 13. In this embodiment, the distance
between the rotary disk 27 and the cartridge 1 is
adjusted manually. In other embodiments the controller
33 may be designed to both control rotational speed of
the disk 27 and distance between the disk 27 and the
cartridge 1. However, in this embodiment the distance
is not a variable for the user to adjust in order to
reduce complexity of the system, but a guiding
structure is provided with a special geometry that
ensures a fixed pre-defined distance between the disk
27 and cartridge 1 when the user appropriately places
a fresh cartridge as instructed. Both the pump 13
according to this embodiment and the pump 13 according
to the above embodiment are suitable to be used as a
self-contained system for point-of-care diagnostics.
[0072] Figure 9 shows a top view of the pump according
to a third embodiment of the present invention. The
pump 13 according to the third embodiment comprises a
fluid cartridge 1 having a single spiral-shaped fluid
channel 5. Within the fluid channel 5 a plurality of
different fluids (sample and reagents) is stored. The
different fluids are segregated by a gas charge 35
(for example an air charge) or a liquid that is
immiscible with the fluids used. This will prevent
cross-contamination between the fluids. A microfluidic
chip 2 1 having a single chip inlet 23 is placed on
the centre of the fluid cartridge 1. The chip 2 1 is
designed for an assay (for example heterogeneous
immunoassay, or nucleic acid extraction and
purification) which requires serial application of a
sample and multiple reagents in a given sequence.
Hence, the reagents are serially stored in the single
fluid channel 5 according to their order of use and
required volume in the bioassay. The pumping rate of
each reagent can be independently defined by stepping
up or stepping down the constant supply voltage to the
rotary disk 27 when the corresponding reagent starts
to enter into the pump channel 15. After flowing
through the chip 2 1 the reagents are withdrawn via
the chip 



outlet 25 which is connected to a fluidic port
provided in the channel layer 3 and serving as a fluid
cartridge outlet 37. The pump 13 according to the
third embodimentof the present invention is one way of
feeding one or more samples and multiple reagents
required in an assay into the chip 2 1. [0073] Another
way of feeding one or more samples and multiple
reagents into the chip 2 1 is shown in Figure 10.
Contrary to the pump of Figure 9 which provides
sequential introduction/feeding of multiple reagents
in a given order, the pump according to the fourth
embodiment of the invention provides
quasi-parallel/quasisimultaneous introduction of
multiple reagents (time-division-multiplexing).
According to the fourth embodiment, each fluid
(reagent, sample etc.) is pre-stored in a dedicated
fluid channel 5a-5d, wherein by a portion of each
fluid channel 5a-5d a (segmented) fluid pump channel
15a-15d is defined/formed. The fluid channels 5a-5d
are partially formed in a substantial meander shape so
as to increase capacity thereof. Each fluid pump
channel 15a-15d comprises a circular arc portion,
wherein the circular arc portions are arranged on a
same circular path which corresponds to the orbit of
the pressing element 11. In this embodiment, each
fluid pump channel 15a- 15d (and also each fluid
channel 5a-5d) has the same length. In other words, in
this embodiment, the fluid channel 5 (and the fluid
pump channel 15) is divided into four equal segments,
wherein each segment can be used only by a particular
reagent or sample. However, in other embodiments the
fluid pump channel 15 (and fluid channel 5) may be
divided into unequal segments of two, three or more
channels depending on flow rate and reagent
requirements of the specific assay hi this embodiment,
given a uniform angular speed of the steel ball at a
constant supply voltage to the DC motor, all four
reagents are pumped with an equal back pressure.
Although adopting a non uniform angular speed of the
ball allows independent pumping pressure/flow rate for
each reagent, this would require a sophisticated
hardware for closed-loop control. Instead, the pumping
pressure can be simply customized by accordingly
adjusting the length and/or width of each fluid pump
channel 15 during the design process. The chip 2 1 has
a separate chip inlet 23a-23d for each fluid channel 5
and a single chip outlet 25 connected with the fluid
cartridge outlet 37. Further, in this embodiment, it
is possible to use a plurality of pressing elements
(together with a plurality of magnets), for example 4
steel balls, so that the different reagents are
simultaneously delivered to the chip 21.[0074] In the
above embodiments, for example, a silicon-based
microfluidic chip for solid-phase extraction and
purification of nucleic acid may be used as the chip
21. Solid-phase extraction of nucleic acid is based on
the principle that nucleic acid readily but
irreversibly binds to silica surface in the presence
of chaotropic salts. After 



washing away impurities in an ethanol (or alcohol)
solution, nucleic acid can be simply recovered from
the surface by an elution in a low-salt buffer.
Conventional procedures following this principle,
however, are proven to be skill-laden and time
consuming, involving many steps of pipetting and
centrifuge. Microfluidic chips offer automation and
miniaturization of these steps by eliminating
pipetting steps of the reagents. We have earlier
demonstrated that silica-based surface of the chips 2
1 can be utilized for the solid-phase extraction of
nucleic acids (both genomic DNA and viral RNA).
However, such chips can find use in the field outside
research laboratories only when they are provided with
a compact and easy-to-use pump with an established
fluidic interface. Further, it is desirable to have a
pump system incorporating a disposable fluid cartridge
containing the required reagents for a specific
bioanalytical assay. These problems can be solved by
the fluid cartridge and the pump according to the
present invention. The pump according to the present
invention may be used as a universal platform for most
bioanalytical assays by simply replacing the chip 2 1
or the whole fluid cartridge 1 so that the same pump
13 can function for different assays. [0075] Figure
11a shows a top view on the pump according to a fifth
embodiment of the present invention which was used to
determine typical pump characteristics of the pump
according to the present invention. Pump
characteristics such as flow rate and back pressure
were measured against applied voltage at different
separations (distance between centre of the ball 11
and top surface of the magnet 29) using dyed water.
Further design parameters of the pump 13 according to
the invention are wall thickness of the elastic layer
9, in particular the distance between the upper
surface of the elastic layer 9 and the fluid pump
channel 15, and depth of the fluid pump channel 15.
Prior to each measurement, the fluid pump channel 15
was carefully primed with dyed water without
introducing bubbles. Flow-rate measurements were
obtained at a constant supply voltage by timing the
pump to clear precise volume of dyed water from its
inlet. Similarly, static pressure build-up across the
pump was recorded by a digital pressure gauge (Fluke)
at the pump outlet about a minute after applying a
constant voltage supply. As can be seen from Fig. l ib
and l ie, maximum flow rateand maximum supply pressure
generated by the pump 13 can easily reach up to tens
of ml/min and tens of kPa, respectively. Both ranges
of values are sufficient for most of the lab-on-a-chip
and microfluidic applications. Besides, fairly low
voltages (<1.5V) required for the pump 13 to generate
such flow rates and pressures indicate 5 that the unit
is suitable for battery operation in the field. [0076]
Figure 12 shows a general view of a fluid storage
container 39 for usage in the fluid cartridge and/or
pump according to the present invention. The fluid 



storage container 39 is suitable to store therein a
product and/or waste leaving the chip 10 2 1 and/or
sample(s) and reagents to be fed into the chip 21. As
shown in Fig. 12, the fluid storage container 39
comprises a fluid inlet and a fluid outlet which may
respectively be provided with a check valve. Figure 13
shows several fluid storage containers 39a-39d being
mounted to the elastic layer 9 of the fluid cartridge
1 of the pump 13 according to the second embodiment of
the invention. Each fluid storage 15 container 39a-39d
is in fluid connection with the fluid channel 5 and
accommodates a fluid/sample/reagent required in the
assay performed by the chip 21. The fluid storage
containers 39a-39d allow for a more compact and
smaller footprint of the fluid cartridge 1/pump 13,
since the reagents can be stored in reservoirs which
take space also vertically but not only horizontally.
In this approach, the fluid channel(s) 5 0 only/mainly
forms the fluid pump channel 15 for generating
peristaltic pumping action and functions as a fluidic
interconnection between the chip 2 1 and other fluid
storage containers 39. This approach also allows a
more modular design whereby each reagent can be
pre-stored in "fluidic blocks" which can be easily
plugged in and plugged out to/from the channel layer
3, similar to components used in electronic 25
industry. [0077] According to the embodiment shown in
Figure 14, the pump 13 comprises a fluid cartridge 1
having a plurality of circumferentially sealed
channels/chambers 4 1 formed within the elastic layer
9. Although the fluid pump 30 channel 15 is shown
outside of the channel layer 3 in Figure 14 in order
to keep a clear view, also in this embodiment the
fluid pump channel 15 is formed within the channel
layer 3. The pump according to this embodiment further
comprises a plurality of fluid storage lines 43a-43c
connected in series via the plurality of
channels/chambers 41. Each fluid storage line 43a-43c
comprises a different fluidtherein, wherein a first
and a last of the plurality of fluid storage lines
43a-43c have a respective free end serving as a
connection end. One of the two connection ends is in
fluid connection with the fluid pump channel 15, and
the other one is connected to a chip 21. For example,
line 43c may contain a priming fluid, line 43b may
contain a sample fluid, and line 43a may contain one
or more reagents. The fluid storage lines 43a-43c may
be bendable or bent into a substantial U-shape or
wound into a helical shape like a spring and may be
directly plugged into the respective chamber 4 1
through the elastic layer 9. Each chamber 4 1 is
filled with a separating fluid being immiscible with
the fluid in the respective fluid storage line
43a-43c. Another fluid storage line 43d connects the
outlet of the chip 2 1 with an output reservoir 45
provided on the elastic layer 9. With the pump 13
according to this embodiment, no 



air bubbles (or any other separating fluid) are
introduced into the fluid pump channel 15, since the
reagents being separated by the air gap segments are
pre-stored after the fluid pump channel 15. The fluid
pump channel 15 is initially primed with a neutral
liquid (deionised (DI) water) without trapping air
bubbles. The pump 13 uses this liquid (DI water) to
drive the subsequent reagents into the chip 21.
Bubbles within the fluid pump channel 15 adversely
affect the pump performance in the following few ways.
Bubbles are compressible. Hence the occupied volume in
the fluid pump channel 15 is not constant. Bubbles can
get trapped/stuck at the surface of the fluid pump
channel 15. Bubble break-up can occur within the fluid
pump channel 15 causing reagent mixing and
contamination. Flow rate/pressure generated by the
pump 13 is much lower in the presence of bubbles, and
the bubbles cannot be calibrated, that is, the pump is
difficult to calibrate, causing an indeterminable
pressure/flow rate. All these problems can be solved
by using a separate carrier fluid (DI water) in the
fluid pump channel 15 with no air gaps therein to push
the reagents (separated by air gaps) stored in the
fluid storage lines 43 forward and into the chip 21.
Thus, the pump according to this embodiment of the
invention provides a more controllable flow rate, less
cross contamination (reagent separation by air gap
almost perfect), no reagent wastage, modular design,
and higher backpressure due to the absence of bubbles
in the fluid pump channel 15. [0078] The above
described concept of providing the reagents,
sample(s), etc downstream of the fluid pump channel 15
and to use a separate carrier fluid in the fluid pump
channel 15 may be also applied to the previous
embodiments and is notlimited to the usage of fluid
storage lines 43. That is, also in the previous
embodiments the fluid may be stored between the fluid
pump channel 15 and the chip 21. 5 [0079] Further, as
shown in Figure 15, the above concept is not limited
to the usage with a pump according to one of the
previous embodiments. Figure 15 shows a fluid
cartridge according to another embodiment having a
substrate layer 8 in which a plurality of
circumferentially sealed channels/chambers 4 1 are
formed. Pluralities of fluid storage lines 43a-43c
which are non-integrally formed with respect to the 10
substrate layer 8 are connected in series via the
plurality of channels/chambers 41. Each
channel/chamber 4 1 is filled with a fluid being
immiscible with the fluids stored in the fluid storage
lines 43a-43d. Each fluid storage line may comprise a
different fluid therein (priming fluid, reagents,
sample), wherein a first and a last of the plurality
of fluid storage lines 43a-43c have a respective free
end serving as 15 connection end. One of the two
connection ends is connected to a microfluidic chip 2
1 



being located in or on the upper surface of the
substrate layer 8. The other one of the two connection
ends is to be connected to any suitable pumping
device, for example, to a pump according to any of the
above described embodiments. 20 [0080] Figure 16 shows
a top view on the pump according to a seventh
embodiment of the present invention after carrying out
an assay. The pump 13 comprises several fluid storage
containers 39a-39j and a chip 2 1 which are arranged
on the elastic layer 9 of the fluid cartridge 1 along
a circle. The fluid channel 5 has the shape of a
closed loop which is formed by connecting two
substantially concentric 25 circular arc portions with
each other at their respective ends. The inner
circular arc portion of the fluid channel 5 functions
as the fluid pump channel 15, whereas the outer
circular arc portion functions to connect the fluid
storage containers 39a-39j and the chip 2 1 in series.
According to this embodiment, upstream of the chip 2 1
and downstream of the fluid pump channel 15 are
arranged fluid storage containers 39f- 30 39j which
(before the operation of the pump 13) contain therein
the sample 39(j) and several reagents. Downstream of
the chip 2 1 and upstream of the fluid pump channel 15
are arranged fluid storage containers 39a-39e which
(before the operation of the pump 13) contain an
appropriate working fluid therein. The working fluid
forms a continuous body of fluid ideally without
containing any air/gas bubbles or air/gasplugs therein
and ideally without containing any other fluid
immiscible with itself. This continuous body of
working fluid may start from either directly upstream
or downstream of the chip 2 1 and continuously extends
to downstream of the fluid pump channel 15, that way
priming the entire volume of the pump channel 15.
During operation of the pump 13 the pressing element
11 is rotated at a desired velocity along a circular
path coincident with the inner circular arc portion
until the fluid packages pre-stored in the respective
containers 39f-39j reach dedicated containers 39a-39e,
respectively, that is, each fluid package is pumped
through the chip 2 1 at least for one time. Thus,
volume of each fluid package pre-stored in its
respective container at the upstream of the chip 2 1
before operating the pump 13 shall more or less match
volume of the working fluid pre-stored in its
respective container at the downstream of the chip 21.
This means that the sequence of fluid packages stored
in containers 39f-39j before operating the pump 13
will be preserved in containers 39a-39e after
operating the pump 13 for a total correct period of
time depending on the velocity of each fluid package.
Fluid storage container 39a comprising therein the
fluid package which left the chip 2 1 at last and
comprises the substance (educt or product) to be
extracted may then be removed from the elastic layer
9. Fluid storage containers 39e- 39b comprise therein
the fluid packages which left the chip 2 1 earlier
than the 



product. These containers 39e-39b comprise the waste
that shall be properly discarded together with the
used cartridge 1. The cartridge 1 having the fluid
packages prestored in 39a-39j, the chip 2 1 and the
pump channel 15/fluid channel 5 arranged in an
entirely closed-loop channel format constitutes a
self-enclosed system which can prevent exposure of any
of these fluid packages pre-stored in 39a-39j to the
environment. This is a useful feature in applications
where any of these fluid packages is considered as a
potential health threat to the user such as those
including infectious samples and/or hazardous
reagents. It is to be understood that this embodiment
is not limited to the specific arrangement of the
fluid storage containers 39a-39j, that is, the amount
and the relative arrangement of fluid storage
containers 39a-39j may vary from those shown in Figure
16. [0081] Figure 17 shows a schematic top view on the
pump according to an eighth embodiment of the present
invention which is designed for performing a single
sequential assay (single-inlet-single-outlet chip) on
a given sample in a single cartridge with multiple
pressing elements and corresponding magnets (not
shown).According to this embodiment, a
meander/serpentine shaped fluid channel 5 is formed
within the channel layer 3, and four different
reagents are stored within the meander shaped fluid
channel 5 at one end thereof. The different fluids are
arranged in series and are respectively separated from
each other via an air plug/charge. The first, second
and third reagents are respectively stored in the
fluid channel 5 in the form of a single long
(continuous) plug, and the fourth reagent is stored in
the fluid channel 5 in the form of three short plugs
followed by one long plug. The long plug of the fourth
reagent is followed by another air plug which is
followed by a working liquid. The working liquid may
be any liquid which is suitable to be pumped, inert
with regard to the channel layer 3 and the chip 2 1
and does not contain any gas such as air bubbles
therein. A microfluidic chip 2 1 is provided in the
centre of the fluid cartridge 1. The one end of the
meander shaped fluid channel 5 can be fluid-connected
to the inlet 23 of the microfluidic chip 2 1 via
another fluid channel serving as a chip inlet channel
which is connected to the one end of the fluid channel
5 via a dummy line 47 which is removable and
replaceable by a fluid storage line 43 containing a
sample therein. The dummy line 47 is to keep the
meander shaped fluid channel 5 closed until the user
replaces the dummy 47 with a real fluid storage line
43 containing therein the sample to be analyzed or
processed. The other end of the meander shaped fluid
channel 5 can be connected to the outlet 25 of the
chip 2 1 via yet another fluid channel serving as a
chip outlet channel by connecting the other end of the
meander shaped fluid channel 5 with the chip outlet
channel by means of a product storage line 46. The
product 



storage line 46 is a removable non-integral fluid
storage line to contain the potential product at the
completion of the pump operation. During operation of
the pump 13 three magnetisable balls serving as
pressing elements 11 are controllably rotated along
and pressed against the circular path indicated by a
dashed line thereby displacing working liquid out of
the fluid pump channel 15. The displaced/pressurized
working liquid pushes the reagents stored at the one
end in the fluid channel 5 and the sample stored in
the fluid storage line 43 (replacing dummy line 47)
forward through the chip inlet channel and into the
chip 21. After passing through the chip 21, the
reagents leave the same through the chip outlet 25 and
the chip outlet channel. The fourth/last reagent will
be collected as product in the product storage line
46. In this embodiment, the fourth reagent is
delivered in three short successive plugs followed by
a long plug. The three short plugs are for cleaning
any residual trace left along the channels and in the
chip 2 1 from the sample and previously delivered
reagents so that such residualtrace would not
contaminate the long plug of the last reagent which
will be collected as product. The three short plugs of
the fourth reagent will be sent to waste. According to
this embodiment the working liquid is used to prime
the fluid pump channel 15 and to push all the reagents
and sample loaded at the downstream of the fluid pump
channel 15 forward and into the chip 21. The cartridge
according to this embodiment is a completely closed
(self-enclosed) system. According to this embodiment,
nonintegral fluid storage devices are only used for
the sample and for the product. However, those skilled
in the art can understand that the shown pump can be
easily modified to make use of such non-integral
removable storage devices for also other reagents
which are currently shown stored in the fluid channel
of the cartridge. [0082] Figure 18 shows a schematic
top view on the pump according to a ninth embodiment
of the present invention which is designed for
simultaneously performing four sequential assays
(single-inlet-single-outlet) on four samples in a
single cartridge with four pressing elements that can
run in parallel, and Figure 19 shows a schematic top
view on the pump according to a tenth embodiment of
the present invention which is designed for performing
a single parallel assay (multipleinlets-
multiple-outlets) on a single or multiple samples in a
single cartridge with multiple pressing elements that
can run in parallel. According to these two
embodiments, four separate meander shaped fluid
channels 5 are formed within the channel layer 3,
wherein each of the four fluid channels 5 comprises a
circular arc portion respectively forming a fluid pump
channel 15, each of said circular arc portions having
the same radius, and the circular arc portions of the
four fluid channels 5 being arranged along a same
circular path indicated by a dashed line in 



Figures 18 and 19. An end portion of each of the four
meander shaped fluid channels 5 is arranged within the
circular path. Within this end portion each of the
four fluid channels 5 comprises a sequence of
different fluids/reagents required for the assay(s)
performed by the chip 21. A microfluidic chip 2 1
having four outlets 25 and four inlets 23 is provided
within the circular path. According to the embodiment
shown in Fig. 18 each of the end portions arranged
within the circular path can be connected to a
separate inlet 23 of the chip 2 1 via a separate fluid
channel serving as a chip inlet channel which is
connected to the respective end portion via a dummy
line 47 being replaceable by a fluid storage line
containing a sample therein. According to the
embodiment shown in Fig. 19 only two dummy lines 47
are provided, wherein two ofthe end portions arranged
within the circular path are directly connected to a
separate inlet 23 of the chip 21. In both embodiments
the other end portion of each of the four fluid
channels can be fluid-connected to a separate outlet
25 of the chip 2 1 via a respective separate fluid
channel serving as a chip outlet channel, the
respective chip outlet channel being connected to the
respective other end portion via a removable product
storage line 46. [0083] The embodiments shown in Figs.
17-19 clearly demonstrate that a working liquid can be
used to prime the fluid pump channel 15 and to push
all the reagents and sample loaded at the downstream
of the fluid pump channel 15 into the chip 21. The
respective pump 13 or cartridge 1 makes use of a
working liquid that is inert to the cartridge 1 and to
the chip 2 1 in order to indirectly push reagents
through the chip 21. The working liquid does not
contain any gas bubbles. Only the working liquid is
allowed in the fluid pump channel 15. The last reagent
can be separated from the working liquid by a gas
charge. All the reagents are stored in the cartridge
between the working liquid and the chip 21. These
drawings also show completely closed (selfenclosed)
systems. The schematics are drawn such that the
cartridges use non-integral fluid storage devices only
for the sample and for the product. However, those
skilled in the art can understand that these shown
cartridges/pumps can be easily modified to make use of
such non-integral removal devices for also other
reagents which are currently shown stored in planar
fluid channels of the cartridge. [0084] Figure 20
shows a cross-section of the pump according to an
eleventh embodiment of the present invention.
According to this embodiment, a relatively rigid
element such as a stiff covering layer 48 is provided
on the elastic layer 9. The rigidity of the covering
layer 48 is greater than that of the elastic layer 9.
A groove is formed on the lower surface of the
covering layer 48, for example by machining. The
covering layer 48 is then arranged on the elastic
layer 9, for example by bonding, with 



the lower surface of the covering layer 48 facing the
upper surface of the elastic layer 9. The groove
(together with the upper surface of the elastic layer
9) forms a guiding channel in which at least one
pressing element 11 (two balls in this embodiment) is
accommodated. Thus, at least a portion of the guiding
channel coincides with at least a portion of the at
least one fluid pump channel 15. In this embodiment,
the guiding channel is formed as a guiding orbital
channel which is coincident with the circularpath
along which the at least one pressing element 11
rotates in Figures 17 to 19. According to this
embodiment, the pressing element 11 of the pump 13 is
provided/supplied together with the cartridge 1, and
is also discarded together with the used cartridge 1.
By providing such a covering layer 48 on top of the
elastic layer 9 any undesired expansion of the elastic
layer 9 and any discharge of gas plugs through the
elastic layer 9 are prevented. [0085] Figures 21a to
21d show different schematic top views of the pump
according to a twelfth embodiment of the present
invention. In Figure 21a, according to an embodiment
of the invention (related to Fig. 17), the dummy line
47 (and hence the fluid storage line 43 containing a
sample in this embodiment) can be arranged in parallel
with another fluid storage line 43 that contains a
desired reagent such as lysis buffer to be mixed with
the sample. These fluid storage lines 43 can be either
an integral (non-removable) part of the cartridge 1 in
which case it has to be pre-loaded during
manufacturing or it can be a non-integral (removable)
part of the cartridge 1 in which case it has to be
provided by the user before actual test by replacing a
dummy line 47. Without such embodiment, for instance
the situation in Fig. 17, the user himself/herself may
have to mix the sample with the desired reagent (e.g.
lysis buffer) before loading the mixture in a fluid
storage line 43 which would replace the dummy line 47
on the cartridge 1. However, this approach requires
further handling of the sample and hence is not
preferred. With the embodiment shown in Fig. 21a, the
user only needs to provide the sample in a fluid
storage line 43 and perhaps the reagent (if not
pre-loaded in the cartridge). Mixing of the two can
take place within the fluid cartridge 1 as both will
merge and flow together once the working liquid starts
to push them with the activation of the pump 13.
[0086] In this particular embodiment of Fig. 21a, the
two fluid storage lines 43 (the sample and the reagent
to be mixed) are arranged in parallel such that both
are to source from different branches of a same fluid
channel 5 and terminate at different branches of
another same fluid channel 5. [0087] Other
applications of the cartridge 1 may require any of the
possible configurations described in Fig. 21b to 21d.
Fig. 21b is a special case of Fig. 21a when 



branching of neither source fluid channel 5 nor
termination fluid channel 5 is required.This is simply
the case when both fluid storage lines 43 are to
source from a same fluid channel 5 and terminate at
another same fluid channel 5. Fig. 21c involves the
embodiment when both fluid storage lines 43 are to
source from a same fluid channel 5 but terminate at
another different fluid channels 5. Fig. 21d is the
embodiment when 5 both fluid storage lines 43 are to
source from different fluid channels 5 but terminate
at another same fluid channel 5. The branching of the
fluid channels 5 are not limited to the embodiments
listed above. Any other combination is also possible.
[0088] In order to create fluidic channels 5 in the
cartridge 1, a further 10 embodiment of the invention
makes use of readily available commercial plastic
tubings 50. These tubings 50 are ideal for sequential
injection of plugs of different reagents since they
tend to minimize dispersion of liquid plugs by their
circular crosssectional profile and smooth inner
walls. Hence, such a method eventually reduces the
problem of cross-contamination between successive
plugs of reagents when they flow 15 along the same
fluidic channel 5. This may not be the case when the
fluidic channels 5 are directly formed in the
cartridge 1 by etching or embossing the substrate
which are most likely to produce cornered cross
sections and non-smooth surface profiles. This can
also put certain restriction on the material choice of
the cartridge 1 as this material will come in direct
contact with reagents. On the other hand, the
commercial tubings 20 50 offer a variety of chemical
structures and can be suitably chosen such that they
would not react with any of the stored reagents. The
use of plastic tubings 50 for the fluidic channels 5
also offers the benefit of minimizing dead volume at
the joints between the fluidic channels 5 and the
fluid storage containers 39 or lines mounted on the
cartridge 1. Such dead volume usually traps reagents
and introduce reagent cross- 25 contamination in a
sequential flow system. [0089] Figures 22a to 22f show
a method of fabricating fluidic channels utilizing
tubings according to an embodiment of the present
invention. In Fig. 22a, the main component of this
embodiment, a pre-structured solid substrate 5 1 is
disclosed. 30 A plurality of grooves 52 (forming a
spiral or serpentine layout) for tubings are created
in a bottom surface of the pre-structured solid
substrate 5 1 and a set of corresponding thorough
holes 53 for inserting the fluidic pins 54 are also
created on a top surface of the pre-structured solid
substrate 5 1 at appropriate locations. Crosssection
of the grooves 52 can be of any arbitrary shape as
long as they are larger thanthe outer diameter of the
commercial tubings 50 which are to be placed in. The
thorough-holes 53 should be at an appropriate size so
as to securely hold fluidic pins 54 to be inserted as
shown in Fig. 22b. [0090] In Fig. 22b, the fluidic
pins 54 are inserted in the through-holes 53 of 



the pre-structured solid substrate 51. These fluidic
pins 54 can either be substantially straight or more
preferably "L-shape" in order to save space or to
reduce thickness of the rigid substrate 51. [0091] In
Fig. 22c, plastic tubings 50 of an appropriate length
are placed in the grooves 52 of the substrate 5 1 and
the ends of the tubings 50 are connected to the
respective fluidic pins 54. After that, the grooves 52
are sealed by an adhesive tape 55 for example a dicing
or grinding tape by laminating onto the bottom of the
solid prestructured substrate 5 1. [0092] In Fig. 22d,
an elastic layer 9 which contains the fluid pump
channel 15 is brought to be in alignment with the
solid pre-structured substrate 51. The elastic layer 9
is a separate entity from rest of the cartridge 1. A
set of corresponding thorough holes 53 for inserting
the fluidic pins 54 are also created in the elastic
layer 9. [0093] In Fig. 22e, the elastic layer 9 is
aligned and mounted on the solid prestructured
substrate 5 1 with the respective fluidic pins 54
inserted into the respective inlet and outlet holes of
the pump channel 15. The elastic layer 9 also contains
large enough thorough-holes 53 at locations
overlapping the fluidic pins 54 that are not utilized
by the pump channel 15 so that they can be accessed
from top even after placing the elastic layer 9 on the
cartridge 1. [0094] In Fig. 22f, after mounting the
elastic layer 9, the chip 2 1 and the respective dummy
lines 47 for product and for sample are also mounted
on the respective fluidic pins 54 to enclose the
entire cartridge 1 forming a self-contained closed
system. Before a complete enclosure, the cartridge 1
and the pump channels 15 must be filled with the
corresponding reagents and working liquid accordingly.
To use the cartridge 1, the user has to remove dummy
storage lines 47 or caps sealing thefluidic pins 54
and replace them with the sample storage line 43 and
product storage line 46 (also reagent lines, if needed
by the application). The user then places the entire
cartridge 1 over a magnetic field and positions the
pressing elements 11 on the elastomer pump channel 15.
The rest of the procedure is as described by the
invention. [0095] While a few embodiments of the fluid
cartridge, pump and fluid valve arrangement have been
described and illustrated, it is to be understood that
many changes, modifications and variations may be made
to the present invention without departing from the
scope of said invention.CLAIMS What is claimed is: 1.
A fluid cartridge, comprising: a channel layer within
which at least one circumferentially sealed fluid
channel is 



formed, the channel layer comprising a substrate, and
an elastic layer fixedly arranged on the substrate,
wherein the substrate has a rigidity being greater
than that of the elastic layer, and wherein the at
least one fluid channel is defined on at least one
side thereof by the elastic layer. 2. The fluid
cartridge according to claim 1, wherein the at least
one fluid channel is exclusively formed within the
elastic layer. 3. The fluid cartridge according to
claim 1, wherein the at least one fluid channel is
defined on at least one side thereof by the substrate.
4. The fluid cartridge according to claim 3, wherein
the at least one fluid channel is partly formed within
the elastic layer and partly formed within the
substrate. 5. The fluid cartridge according to claim
3, wherein the elastic layer comprises a groove
provided on the lower surface thereof and covered by
the substrate thereby forming the at least one fluid
channel. 6. The fluid cartridge according to claim 3,
wherein a groove is provided on the upper surface of
the substrate, which is covered by the elastic layer
thereby forming the at least one fluid channel.7. The
fluid cartridge according to any of claims 1 to 6,
wherein the elastic layer comprises an elastomer. 8.
The fluid cartridge according to claim 7, wherein the
elastomer is selected from the group consisting of a
silicone elastomer, polydimethylsiloxane,
polyisoprene, polychloroprene, natural rubber, latex,
butyl rubber, ethylene propylene rubber, Polyether
block Amide, polybutadiene, polyurethane, perfluoro
polymers, parylene, polyimide, and ethyl-vinyl
acetate. 9. The fluid cartridge according to any of
claims 1to 8, wherein the substrate has a
substantially planar upper surface, and wherein the
lower surface of the elastic layer is arranged on said
planar upper surface of the substrate and faces said
planar upper surface of the substrate. 10. The fluid
cartridge according to any of claims 1 to 9, wherein
the substrate is a plate. 11. The fluid cartridge
according to any of the forgoing claims, wherein the
substrate is made of an electrically/magnetically
inert material and/or does not behave as a magnetic
shield. 12. The fluid cartridge according to claim 11,
wherein the electrically/magnetically inert material
is silicon or glass. 



13. The fluid cartridge according to claim 11, wherein
the electrically/magnetically inert material is an
organic polymeric material or an inorganic ceramic
material. 14. The fluid cartridge according to claim
13, wherein the polymeric material is selected from
the group consisting of an acrylic polymer,
polycarbonate, cyclic olefin copolymer and
polystyrene.15. The fluid cartridge according to any
of claims 1 to 14, wherein at least a portion of the
at least one fluid channel has the shape of a circular
arc. 16. The fluid cartridge according to any of
claims 1 to 15, wherein at least a portion of the at
least one fluid channel has a spiral shape. 17. The
fluid cartridge according to any of the foregoing
claims, wherein at least a portion of the at least one
fluid channel has a meander shape. 18. The fluid
cartridge according to any of the forgoing claims,
further comprising a microfluidic chip being located
in or on the channel layer and bein * g in fluid
connection with the at least one fluid channel. 19.
The fluid cartridge according to claim 18, the
microfluidic chip being a siliconbased microfluidic
chip for extraction and purification of a
chemical/biological substance from a fluid comprising
the chemical/biological substance. 20. The fluid
cartridge according to any of the forgoing claims,
wherein a covering layer having a rigidity being
greater than that of the elastic layer is provided on
the elastic layer. 21. The fluid cartridge according
to any of the foregoing claims, further comprising one
or more fluid storage containers arranged in or on the
channel layer and being in fluid connection with the
at least one fluid channel. 22. The fluid cartridge
according to claim 21, wherein two separate fluid
channels are connected with each other via one fluid
storage container. 23. The fluid cartridge according
to claim 21, wherein three separate fluid channels are
connected in series via two fluid storage
containers.24. The fluid cartridge according to claim
21, wherein two fluid storage containers are arranged
in or on the channel layer so as to source from a same
fluid channel (or to branch of a same fluid channel)
and terminate at another same fluid channel (or to
branch of another same fluid channel). 25. The fluid
cartridge according to claim 21, wherein two fluid
storage containers are arranged in or on the channel
layer so as to source from a same fluid channel and
terminate at two different fluid channels. 26. The
fluid cartridge according to claim 21, wherein two
fluid storage containers are 



arranged in or on the channel layer so as to source
from two different fluid channels and terminate at a
same fluid channel. 27. The fluid cartridge according
to any of claims 2 1 to 26, wherein the one or more
fluid storage containers are non-integrally formed
with regard to the channel layer and are removably
and/or replaceably arranged in or on the channel
layer. 28. The fluid cartridge according to any of the
foregoing claims, further comprising one or more fluid
storage lines arranged in or on the channel layer and
being in fluid connection with the at least one fluid
channel. 29. The fluid cartridge according to claim
28, wherein two separate fluid channels are connected
with each other via the at least one fluid storage
line. 30. The fluid cartridge according to claim 28,
wherein three separate fluid channels are connected in
series via two fluid storage lines. 31. The fluid
cartridge according to claim 28, wherein two fluid
storage lines are arranged in or on the channel layer
so as to source from a same fluid channel (or to
branch of a same fluid channel) and terminate at
another same fluid channel (or to branch of another
same fluid channel).32. The fluid cartridge according
to claim 28, wherein two fluid storage lines are
arranged in or on the channel layer so as to source
from a same fluid channel and terminate at two
different fluid channels. 33. The fluid cartridge
according to claim 28, wherein two fluid storage lines
are arranged in or on the channel layer so as to
source from two different fluid channels and terminate
at a same fluid channel. 34. The fluid cartridge
according to any of claims 28 to 33, wherein the one
or more fluid storage lines are non-integrally formed
with regard to the channel layer and are removably
and/or replaceably arranged in or on the channel
layer. 35. The fluid cartridge according to any of
claims 1 to 20, wherein two separate fluid channels
are formed within the channel layer which are
connected with each other via a dummy which is
replaceable by a fluid storage container according to
any of claims 2 1 to 27 or a fluid storage line
according to any of claims 28 to 34 containing a
sample therein. 36. The fluid cartridge according to
any of claims 1 to 17, 20, wherein a plurality of
fluid storage containers according to any of claims 21
to 27 and/or a plurality of fluid storage lines
according to any of claims 28 to 34 are provided on
the channel layer and are connected in series via the
at least one fluid channel with a microfluidic chip
according to claim 18 or 19 being connected
therebetween. 37. The fluid cartridge according to
claim 36, wherein the at least one fluid channel forms
a closed loop of two substantially concentric circular
arc portions connected with 



each other at their respective ends. 38. The fluid
cartridge according to any of claims 1 to 20, wherein
within a single fluid channel a plurality of different
fluids is stored, the different fluids being arranged
in series and separated from each other.39. The fluid
cartridge according to claim 38, wherein the different
fluids are separated from each other by a separating
fluid being immiscible with the adjacent fluids. 40.
The fluid cartridge according to claim 38 or 39,
wherein the cartridge comprises a microfluidic chip
according to claim 18 or 19, wherein the single fluid
channel is in fluid connection with an inlet of the
chip at one end thereof, and wherein a working liquid
is stored in the single fluid channel between the
other end thereof and the plurality of different
fluids. 4 1. The fluid cartridge according to claim
40, wherein the working liquid is inert with regard to
the channel layer and the chip and does not contain
any gas therein. 42. The fluid cartridge according to
claim 40 or 41, wherein the working liquid and the
plurality of different fluids are separated from each
other by an immiscible separating fluid. 43. The fluid
cartridge according to any of claims 40 to 42, wherein
the one end of the single fluid channel is
fluid-connected to the microfluidic chip via another
fluid channel serving as a chip inlet channel which is
connected to the single fluid channel via a dummy
being replaceable by a fluid storage container
according to any of claims 2 1 to 27 or a fluid
storage line according to any of claims 28 to 34
containing a sample therein. 44. The fluid cartridge
according to any of claims 40 to 43, wherein the other
end of the single fluid channel is in fluid connection
with an outlet of the chip via yet another fluid
channel serving as a chip outlet channel which is
connected to the other end of the single fluid channel
via a removable fluid storage container according to
any of claims 2 1 to 27 or a fluid storage line
according to any of claims 28 to 34. 45. The fluid
cartridge according to any of claims 1 to 17, 20,
wherein a plurality of separate fluid channels is
formed within the channel layer.46. The fluid
cartridge according to claim 45, wherein each of the
plurality of fluid channels comprises a circular arc
portion, each of said circular arc portions having the
same radius, and the circular arc portions of the
plurality of fluid channels being arranged along a
same circular path. 47. The fluid cartridge according
to claim 45 or 46, wherein each of the plurality of
fluid channels comprises therein a different fluid or
a sequence of different fluids. 48. The fluid
cartridge according to claim 46 or 47, wherein an end
portion of each of the plurality of fluid channels is
arranged within the circular path, a chip according to
claim 18 or 19 is provided within the circular path,
and each of the end portions arranged 



within the circular path is in fluid connection with a
separate inlet of the chip. 49. The fluid cartridge
according to claim 48, wherein the other end portion
of each of the plurality of fluid channels
substantially comprises a meander shaped portion. 50.
The fluid cartridge according to claim 48, wherein at
least one of the end portions arranged within the
circular path is connected to the corresponding inlet
of the chip via a separate fluid channel serving as a
chip inlet channel which is connected to the at least
one end portion via a dummy being replaceable by a
fluid storage container according to any of claims 2 1
to 27 or a fluid storage line according to any of
claims 28 to 34 containing a sample therein. 51. The
fluid cartridge according to claim 48 or 50, wherein
the other end portion of each of the plurality of
fluid channels is fluid-connected to a separate outlet
of the chip via a respective separate fluid channel
serving as a chip outlet channel, the respective chip
outlet channel being connected to the respective other
end portion via a removable fluid storage container
according to any of claims 2 1 to 27 or a fluid
storage line according to any of claims 28 to 34.52.
The fluid cartridge according to claim 18 or 19,
wherein the at least one fluid channel is connected to
an inlet of the chip at one end thereof, and wherein
one or more fluids are stored in the at least one
fluid channel, and wherein a working liquid is stored
in the at least one fluid channel between the other
end thereof and the one or more fluids. 53. The fluid
cartridge according to any of claims 1 to 17, 20,
wherein a plurality of circumferentially sealed
channels is formed within the channel layer, the fluid
cartridge further comprising a plurality of fluid
storage lines according to any of claims 28 to 34
and/or a plurality of fluid storage containers
according to any of claims 2 1 to 27 connected in
series via the plurality of channels and respectively
comprising a different fluid therein, and a first and
a last of the plurality of fluid storage lines and/or
fluid storage containers having a respective free end
serving as a connection end, wherein one of the two
connection ends is in fluid connection with a fluid
channel containing a working liquid therein. 54. The
fluid cartridge according to claim 53, each of the
other fluid channels being filled with a separating
fluid being immiscible with the fluid in the
respective fluid storage line and/or fluid storage
container. 55. The fluid cartridge according to claim
53 or 54, further comprising a microfluidic chip
according to claim 18 or 19 in fluid connection with
the other one of the two connection ends. 56. The
fluid cartridge according to claim 3, wherein a groove
is provided on a lower surface of the substrate for
housing a tubing. 



57. The fluid cartridge according to claim 56, wherein
a through-hole is provided within the substrate for
accommodating a fluidic pin. 58. The fluid cartridge
according to claim 57, wherein the tubing is connected
to the fluid channel via the fluidic pin.59. The fluid
cartridge according to claim 57, wherein the tubing is
connected to the fluid storage container or fluid
storage line via the fluidic pin. 60. The fluid
cartridge according to claim 59, wherein the elastic
layer further comprises a through-hole for
accommodating the fluidic pin. 6 1. A pump having a
fluid cartridge according to any of the forgoing
claims, wherein a fluid pump channel is formed by at
least a portion of the at least one fluid channel of
the fluid cartridge, and wherein the pump further
comprises at least one pressing element, the at least
one pressing element and the fluid cartridge being
movable relative to each other, wherein by the at
least one pressing element the elastic layer can be
successively depressed along the fluid pump channel
when being relatively moved therealong to thereby
compress a corresponding portion of the fluid pump
channel, and a driving device by which the at least
one pressing element and the cartridge can be pressed
against each other to cause the at least one pressing
element to depress the elastic layer, and by which the
at least one pressing element and the cartridge can be
moved relative to each other to cause the pressing
element to relatively move along the fluid pump
channel. 62. The pump according to claim 61, wherein
the at least one pressing element is magnetisable and
the driving device comprises a magnetic field device
providing a moving magnetic field acting on the at
least one pressing element. 63. The pump according to
claim 6 1 or 62, wherein the pressing element is a
round object. 64. The pump according to any of claims
6 1 to 63, wherein at least a portion of the fluid
pump channel has the shape of a circular arc.65. The
pump according to claim 64, wherein the driving device
comprises a rotary element provided above or beneath
the fluid cartridge, on which a magnet is
eccentrically placed which is rotated along a
circumferential path substantially coincident with the
circular arc portion of the fluid pump channel when
the rotary element is rotated. 66. The pump according
to claim 62, wherein a plurality of separate pump
channels is formed within the channel layer, wherein
each of the plurality of fluid pump channels comprises
a circular arc portion, each of said circular arc
portions having the same radius, and the circular arc
portions of the plurality of pump channels being
arranged along a 



same circular path, and wherein the driving device
comprises a rotary element provided above or beneath
the fluid cartridge, on which a magnet is
eccentrically placed which is rotated along a
circumferential path substantially coincident with the
circular path when the rotary element is rotated. 67.
The pump according to claim 65 or 66, wherein the
magnet is a permanent magnet and the driving device
further comprises a magnetic shield and a mechanism
for placing the magnetic shield between the permanent
magnet and the pressing element and for removing the
magnetic shield from therebetween. 68. The pump
according to any of claims 65 to 67, wherein the
rotary element and the fluid cartridge are movable
relative to each other in the axial direction of the
rotary element. 69. The pump according to any of
claims 65 or 66, wherein the pump comprises a
plurality of pressing elements, and wherein a
plurality of magnets is eccentrically placed on the
rotary element. 70. The pump according to any of
claims 6 1 to 69, wherein at least a part of the
driving device is provided as a handheld system.7 1.
The pump according to claim 70, wherein the handheld
system is capable of controlling or adjusting the flow
rate of each fluid stored in the at least one fluid
channel. 72. The pump according to claim 70, wherein
the handheld system is programmable and can execute a
set of downloaded instructions to control pump
duration and flow rate according to the fluids stored
in the at least one fluid channel and the specific
protocol given. 73. The pump according to claim 70,
wherein the handheld system can provide an energy
input to the fluid cartridge in order to power active
components within the fluid cartridge. 74. The pump
according to claim 70, wherein the handheld system can
display a status of a protocol and/or can display the
result of an analysis or process performed by the
fluid cartridge. 75. The pump according to any of
claims 6 1 to 74, wherein a covering layer having a
rigidity being greater than that of the elastic layer
is provided on the elastic layer, wherein a guiding
channel is formed in the covering layer for
accommodating the at least one pressing element
therein, and wherein at least a portion of the guiding
channel coincides with at least a portion of the at
least one fluid pump channel. 76. A fluid valve
arrangement, comprising: a channel layer within which
at least one circumferentially sealed fluid channel is
formed, the channel layer comprising 



a substrate, and an elastic layer fixedly arranged on
the substrate, wherein the substrate has a rigidity
being greater than that of the elastic layer, and
wherein the at least one fluid channel is defined on
at least one side thereof by the elastic layer,the
fluid valve arrangement further comprising: at least
one pressing element by which the elastic layer can be
depressed at least at a position along the fluid
channel to thereby close the fluid channel, and a
driving device by which the at least one pressing
element and the elastic layer can be pressed against
and released from each other. 77. The fluid valve
arrangement according to claim 76, wherein the at
least one pressing element is magnetisable, and
wherein the driving device is a controllable magnetic
field device for providing a magnetic field
controllably acting on the pressing element in a
manner to cause the pressing element to depress or to
release the elastic layer. 78. The fluid valve
arrangement according to claim 77, wherein the
controllable magnetic field device comprises an
electromagnet. 79. The fluid valve arrangement
according to claim 77, wherein the controllable
magnetic field device comprises a permanent magnet,
wherein the permanent magnet and the pressing element
are movable relative to each other. 80. The fluid
valve arrangement according to claim 77, wherein the
controllable magnetic field device comprises a
permanent magnet, a magnetic shield and a mechanism
for placing the magnetic shield between the magnet and
the pressing element and for removing the magnetic
shield from therebetween. 81. The fluid valve
arrangement according to claim 80, wherein the
controllable magnetic field device comprises a
plurality of individually addressable magnetic
shields, and wherein the mechanism is capable of
selectively placing one or more of the magnetic
shields between the magnet and the at least one
pressing element.82. The fluid valve arrangement
according to claim 81, wherein a plurality of pressing
elements is provided, and wherein for each pressing
element at least one separate magnetic shield is
provided. 83. The fluid valve arrangement according to
any of claims 76 to 82, wherein the at least one
pressing element is a round object. 84. The fluid
valve arrangement according to any of claims 76 to 83,
wherein the substrate is made of a non-magnetisable
material and/or does not behave as a magnetic shield. 



85. A fluid cartridge, comprising: a substrate in
which a plurality of circumferentially sealed chambers
or channels is formed, and a plurality of fluid
storage devices non-integrally formed with respect to
the substrate and connected in series via the
plurality of chambers or channels, each fluid storage
device comprising a different fluid therein, and a
first and a last of the plurality of fluid storage
devices having a respective free end serving as
connection end. 86. The fluid cartridge according to
claim 85, wherein the respective fluid storage device
is a fluid storage line or a fluid storage container.
87. The fluid cartridge according to claim 85 or 86,
further comprising a microfluidic chip being located
in or on the upper surface of the substrate and being
in fluid connection with one of the two connection
ends. 88. The fluid cartridge according to claim 87,
the microfluidic chip being a siliconbased
microfluidic chip for extraction and purification of a
chemical/biological substance from a fluid containing
the chemical/biological substance.89. The fluid
cartridge according to any of claims 85 to 88, wherein
each chamber or channel is filled with a fluid being
immiscible with the fluids stored in the fluid storage
devices. 


