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(57) ABSTRACT 

The present invention relates to integrated micro-cantile 
vers, micro-bridges or micro-membranes in micro-liquid 
handling systems. Such micro-liquid handling systems pro 
vide novel detection mechanisms for monitoring the physi 
cal, chemical and biological properties of ?uids in such 
systems. The present invention further relates to micro 
cantilever, micro-bridge or micro-membrane type sensors 
having integrated readout. Such constructions alloW lami 
nated ?oWs of different liquids to How in a channel Without 
mixing, Which opens up for neW type of experiments and 
Which reduces noise related to the liquid movement. The 
present invention even further relates to sensors having 
adjacent or very closely spaced micro-cantilevers, micro 
bridges or micro-membranes Which can be exposed to 
different chemical environments at the same time. 
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TRANSDUCER FOR MICROFLUID HANDLING 
SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates to a sensor using 
microscopic ?exible mechanical structures such as micro 
cantilevers, micro-bridges or micro-membranes integrated 
into microscopic chambers. In particular, the present inven 
tion relates to a sensor for measuring biochemical properties 
of ?uids in such chambers. 

TECHNICAL BACKGROUND 

[0002] The measurement of the properties of ?uids ?oW 
ing in microscopic channels is of importance in the ?eld of 
micro liquid handling systems, Which includes systems for 
measuring: 

[0003] 1) physical properties such as ?oW rates vis 
cosity and local temperature 

[0004] 2) chemical properties such as pH and chemi 
cal composition 

[0005] 3) biological properties such as identi?cation 
of organic constituents in ?uids, including DNA 
fragments, proteins, and complete biological cells 

[0006] Microliquid handling systems typically consist of 
narroW channels of order 100 microns Wide and 100 microns 
deep engraved or embossed into the surface of a thin Wafer 
of a material such as silicon, glass or plastic using repro 
duction techniques based on micromachining. The surface 
containing the channels is usually bonded to another surface, 
in order to seal the channels. Fluids pumped through the 
resulting channels typically ?oW in a completely laminar 
fashion. As a result, several different ?uids can be ?oWed in 
laminated streams through such Microsystems, Without any 
signi?cant mixing of the ?uids. 

[0007] An important advantage of a microliquid handling 
system is that very small quantities of ?uid can be directed 
in a controlled fashion to various parts of the system, Where 
various analytical techniques can be used to determine the 
properties of the liquid. This can be done using external 
analytical techniques such as optical detection. The con 
trolled ?oW of the ?uid is achieved via pumps and valve 
systems that can be either external or integrated With the 
microchannels. 

[0008] Micro-cantilevers are devices Where changes in the 
mechanical properties of a microscopic micro-cantilever are 
used to detect changes in the environment of the micro 
cantilever. The micro-cantilever is typically of the order of 
100 microns long, 10 microns Wide and one micron thick. 
The micro-cantilevers are made of a material such as silicon, 
silicon nitride, glass, metal or combination of any of these, 
using micromachining techniques. A change in the mechani 
cal properties can for example be a stress formation in the 
micro-cantilever due to changes in surface stress of the 
micro-cantilever. Stress formation can also occur due to 
changes in temperature of the micro-cantilever due to a 
bimorph effect, if the micro-cantilever is made of tWo 
materials With different thermal expansion coef?cients. Such 
stress formations in the micro-cantilever can be detected in 
a variety of Ways. Often the stress formation Will result in a 
de?ection of the micro-cantilever. In these situations the 
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de?ection can be detected by de?ection of a laser light beam 
by a re?ecting surface of the micro-cantilever. Change in the 
resistivity of a pieZoresistor integrated onto the micro 
cantilever is another method, Which has the advantage that 
it does not depend on a de?ection of the micro-cantilever 
and it does not require optical access to the micro-cantilever. 

[0009] Change in resonance frequency is another example 
of a change in a mechanical property. A change in mass of 
the micro-cantilever can occur if material binds to the 
micro-cantilever, and such a change Will produce a change 
in the resonance frequency of the micro-cantilever. Such 
changes can be monitored by actuating the micro-cantilever 
at a frequency near its resonance frequency, and monitoring 
changes in the amplitude of the resulting dynamic bending 
of the micro-cantilever, using methods similar to those 
described above for the detection of stress formation. 

[0010] Using these changes in mechanical properties, 
micro-cantilevers, have been used to detect chemical reac 
tions occurring on the surface of the micro-cantilever, either 
in gas phase or in liquid phase. For gas phase experiments 
the measurements have been performed in a gas chamber 
utiliZing optical detection of a micro-cantilever bending. 
Micro-cantilevers With integrated pieZoresistive read-out 
have been used for thermogravimetry in air. Under ambient 
conditions the micro-cantilever-based detection technique 
has proven very sensitive. It has been demonstrated that 
mass changes doWn to 0.5 ng and temperature changes doWn 
to approximately 10-5 C. can be resolved. Furthermore, a 
change of surface stress on the order of 10'5 N/m has been 
detected. In liquids, J. Chen [J . Chen, Ph. D thesis Simon 
Fraiser University (1995)] reports on a pieZoresistive micro 
cantilever for mass change detection. Detection of polysty 
rene spheres Was performed in a 3 Water tank in Which the 
micro-cantilever Was placed. By vibrating the micro-canti 
lever, changes in the resonance frequency and thereby mass 
changes of the micro-cantilever could be monitored. The 
micro-cantilever de?ection Was monitored by integrated 
pieZoresistive read-out. 

[0011] PCT patent application WO99/38007 published 
Jul. 29, 1999 describes a system for detecting analytes in a 
?uid using functionalised micro-cantilevers mounted in a 
tube. A bending of the micro-cantilever is induced by 
molecular interactions on one side of the micro-cantilever. 
The bending is monitored optically by the re?ection of a 
laser beam of the end of the micro-cantilever. Examples of 
application include the formation of self assembled mono 
layers (SAM’s) of alkylthiols on a goldcoated micro-canti 
lever and the partially reversible adsorption of loW density 
lipoproteins. The possibility of testing multiple analytes 
against multiple analytes is mentioned. A solution for gen 
erating a reference signal is proposed exploiting the tWisting 
movement of the micro-cantilever and the ability to distin 
guish the tWisting from the bending movement. LoW ?oW 
rates are recommended in order to avoid perturbations of the 
micro-cantilever. This is a clear indication that the envi 
sioned ?oW system is of macroscopic dimensions. 

[0012] A micro-cantilever array placed at the top of an 
open channel has been realised in polymer [C. P. Lee et al., 
Prooceeding of the MTAS’98 Workshop (1998) 245-252; L. 
P. Lang et al., Sensors and Actuators A71 (1998) 144-149]. 
C. P Lee et al. suggest that these micro-cantilevers can be 
modi?ed for the use of biochemically functionaliZed tips for 
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use in atomic force microscopy (AFM) or in scanning near 
?eld microscopy (SNOM). Hence, this proposed application 
is related to surface imaging. 

[0013] Commercially available micro-cantilevers have 
been used as sensors in liquid. D. R. Baselt et al. [D. R. 
Baselt et al., Proceedings of the IEEE. Vol. 85 4 (1997) 
672-679] report on pieZoresistive micro-cantilevers applied 
as biosensors using magnetic particles. The coated micro 
cantilevers are placed in a liquid cell in Which the detection 
takes place. The micro-cantilevers measure the interaction 
betWeen particles immobilised on magnetic beads and the 
immobilised particles on the micro-cantilever surface. If the 
magnetic beads bind to the surface, the application of a large 
magnetic ?eld Will cause a bending of the micro-cantilever. 

[0014] Us. Pat. No. 5,719,324 describes a micro-cantile 
ver based sensor, Where a mass change of the micro 
cantilever is detected as a change in the resonance frequency 
of the micro-cantilever. Furthermore, a stress change of a 
micro-cantilever material is monitored as a micro-cantilever 
de?ection. For mass detection, a pieZoelectric actuator oscil 
lates the micro-cantilever and the micro-cantilever de?ec 
tion is registered by optical read-out. It is mentioned that the 
mass detection principle can also be applied in liquid. 

[0015] It is a disadvantage of the above-mentioned sys 
tems that micro-cantilever based experiments are carried out 
in large liquid containers. Such large liquid container sys 
tems are very dif?cult to stabilise thermally. Furthermore, in 
such large container systems the required volume of chemi 
cals is unnecessary high. 

[0016] It is a further disadvantage of most of the above 
mentioned systems that the micro-cantilever de?ection is 
detected optically. This disadvantage is due to the fact that 
it may be difficult to obtain optical access to a speci?c 
micro-cantilever—especially in the case Where a plurality of 
micro-cantilevers are closely spaced and in the case Where 
the liquid is not transparent. 

[0017] It is an object of the present invention to integrate 
micro-cantilevers, micro-bridges or micro-membranes into 
closed micro-liquid handling systems, in order to provide 
novel detection mechanisms for monitoring the physical, 
chemical and biological properties of ?uids in such systems. 

[0018] It is a still further object of the present invention to 
provide a micro-cantilever, micro-bridge or micro-mem 
brane type sensor having integrated readout. Aclosed micro 
liquid handling system alloWs laminated ?oWs of different 
liquids to ?oW in the channel Without mixing, Which opens 
up for neW type of experiments and Which reduces noise 
related to the liquid movement. 

[0019] It is a still further object of the present invention to 
provide adjacent or very closely spaced micro-cantilevers, 
micro-bridges or micro-membranes Which can be exposed to 
different chemical environments at the same time by: 

[0020] Laminating the ?uid ?oW vertically in the 
micro-channel into tWo or more streams, so that 
micro-cantilevers or micro-membranes on opposing 
sides of the micro-channel are immersed in different 
?uids, or so that a micro-cantilever, micro-bridge, or 
micro-membrane is exposed to tWo different ?uids. 

[0021] Laminating the ?uid ?oW horiZontally in the 
micro-channel, so that micro-cantilevers or micro 
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bridges recessed to different levels in the micro 
channel or micro-membranes placed at the top and at 
the bottom of the channel are exposed to different 
?uids. 

[0022] In this Way, changes in viscous drag, surface stress, 
temperature, or resonance properties of adjacent or closely 
spaced micro-cantilevers, micro-bridges or micro-mem 
branes induced by their different ?uid environments, can be 
compared. 
[0023] Neighbouring or very closely spaced micro-canti 
levers, micro-bridges or micro-membranes can be coated 
With different chemical substances using the method just 
described for immersing adjacent or neighbouring micro 
cantilevers, micro-bridges or micro-membranes in different 
?uids. After coating, the micro-channels can be ?ushed With 
other ?uids to remove the coating material, and to compare 
the reactivity of neighbouring or very closely spaced micro 
cantilevers, micro-bridges or micro-membranes With differ 
ent coatings. 

[0024] It is a still further object of the present invention to 
provide a micro-cantilever, micro-bridge or micro-mem 
brane based sensor Where the liquid volume is minimised in 
order to reduce the use of chemicals and in order to obtain 
a system Which is easy to stabilise thermally. 

SUMMARY OF THE INVENTION 

[0025] The above-mentioned objects are complied With by 
providing, in a ?rst aspect, a sensor for detecting the 
presence of a substance in a ?uid, said sensor comprising: 

[0026] means for handling the ?uid, said handling 
means comprising an interaction chamber of 
micrometer dimensions, an inlet and an outlet, 

[0027] a ?rst ?exible member having a surface, said 
surface holding a substance, Wherein the surface 
holding the substance is at least partly positioned 
inside the interaction chamber so that at least part of 
the substance is exposed to the ?uid, and 

[0028] means for detecting a mechanical parameter 
associated With the ?rst ?exible member, said 
mechanical parameter being related to the presence 
of the substance in the ?uid. 

[0029] By micrometer dimension is meant that the inter 
action chamber has dimensions in the 50-500 microns range 
(Width and depth). The ?rst ?exible member may comprise 
a micro-cantilever having a ?rst and a second end, the ?rst 
end being attached to the interaction chamber. The micro 
cantilever may have a rectangular form and may be approxi 
mately 50 pm Wide, 200 pm long and 1 pm thick. 

[0030] The mechanical parameter being associated With 
the ?rst ?exible member may both be a static or dynamic 
parameter. By static is meant that the ?exible member may 
be subject to a static deformation—e.g. bending. Static 
deformations are typically induced by stress changes in the 
?exible member. By dynamic is meant the ?exible member 
may be driven at or near its mechanical resonance frequency. 
Upon detection of a substance in the ?uid the resonance 
frequency may chance due to a change of mass of the 
?exible member. 

[0031] Alternatively, the ?rst ?exible member may com 
prise a micro-bridge having a ?rst and a second end, Wherein 
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the ?rst and second ends are attached to the interaction 
chamber. The dimensions (Wide, length and thickness) of a 
micro-bridge may be similar to the dimensions of the 
micro-cantilever. Alternatively, the ?rst ?exible member 
may form part of a boundary de?ning the interaction cham 
ber. The boundary may here be one of the sideWalls of the 
interaction chamber. 

[0032] The detecting means for detecting the mechanical 
parameter associated With the ?rst ?exible member may 
comprise a pieZoresistive element, preferably being an inte 
gral part of the ?rst ?exible member. Preferably, the pieZore 
sistive element forms part of a balanced bridge, such as a 
Wheatstone bridge. Alternatively, the detecting means may 
comprise a laser, an optical element and a position sensitive 
photo detector. 

[0033] The sensor according to the ?rst aspect of the 
present invention may further comprise an actuator for 
moving the ?exible member relative to the interaction 
chamber. The actuator may be implemented in several 
Ways—e.g. by comprising pieZoelectric elements, compris 
ing means for providing an electrostatic induced movement, 
comprising means for providing a magnetic induced move 
ment, or by comprising means for providing a thermal 
induced movement. 

[0034] The handling means may be fabricated in a mate 
rial selected from the group consisting of metals, glasses, 
polymers or semiconductor materials, such as silicon. 

[0035] The substance being held by the surface of the ?rst 
?exible member may be selected from the group consisting 
of metals, polymers, biochemical molecules or micro-bio 
chemical structures. The group of biochemical molecules 
and micro-biochemical structures comprises enZymes, 
DNA, Cells and proteins. 

[0036] The sensor according to the ?rst aspect of the 
invention may further comprise a second ?exible member 
being at least partly positioned inside the interaction cham 
ber so that at least part of the second ?exible member is 
exposed to the ?uid The sensor may further comprise means 
for detecting a mechanical parameter associated With the 
second ?exible member. This detecting means may com 
prise a pieZoresistive element being an integral part of the 
second ?exible member. The pieZoresistive element may 
form part of a balanced bridge, such as a Wheatstone bridge. 

[0037] The second ?exible member may serve as a refer 
ence to the ?rst ?exible member and thereby being adapted 
to generate a reference signal via the detecting means. 

[0038] In a second aspect, the present invention relates to 
a sensor for detecting the presence of a substance in a ?uid, 
said sensor comprising: 

[0039] means for handling the ?uid, said handling 
means comprising an interaction chamber, an inlet 
and an outlet, 

[0040] a ?rst ?exible member having a surface, said 
surface holding a substance, Wherein the surface 
holding the substance is at least partly positioned 
inside the interaction chamber so that at least part of 
the substance is exposed to the ?uid, and 

[0041] means for detecting a mechanical parameter 
associated With the ?rst ?exible member, said 
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mechanical parameter being related to the presence 
of the substance in the ?uid, Wherein the detecting 
means form an integral part of the ?rst ?exible 
member. 

[0042] The ?rst ?exible member, the detecting means, the 
actuator may be implemented as previously mentioned. The 
interaction chamber may be of micrometer dimensions—i.e. 
the 50-500 pm range. 

[0043] The handling means may be fabricated in a mate 
rial selected from the group consisting of metals, glasses, 
polymers or semiconductor materials, such as silicon. The 
substance being held by the surface of the ?rst ?exible 
member may be selected from the group consisting of 
metals, polymers, biochemical molecules or micro-bio 
chemical structures. The group of biochemical molecules 
and micro-biochemical structures comprises enZymes, 
DNA, Cells and proteins. 

[0044] In order to obtain a reference signal the sensor 
according to the second aspect may further comprise 

[0045] a second ?exible member being at least partly 
positioned inside the interaction chamber so that at 
least part of the second ?exible member is exposed 
to the ?uid, and 

[0046] means for detecting a mechanical parameter 
associated With the second ?exible member. 

[0047] Also here the detecting means may comprise a 
pieZoresistive element, said pieZoresistive element being an 
integral part of the second ?exible member, and Wherein the 
pieZoresistive element forms part of a balanced bridge, such 
as a Wheatstone bridge. 

[0048] In a third aspect, the present invention relates to a 
sensor for detecting the presence of a substance in a ?uid, 
said sensor comprising: 

[0049] means for handling the ?uid, said handling 
means comprising an interaction chamber, an inlet 
and an outlet, 

[0050] a ?rst ?exible member having a surface, said 
surface holding a substance, Wherein the surface 
holding the substance is at least partly positioned 
inside the interaction chamber so that at least part of 
the substance is exposed to the ?uid, and Wherein the 
?rst ?exible member forms an integral part of the 
handling means, and 

[0051] means for detecting a mechanical parameter 
associated With the ?rst ?exible member, said 
mechanical parameter being related to the presence 
of the substance in the ?uid. 

[0052] That the ?exible member forms an integral part of 
the handling also means that the ?exible member may be 
fabricated separately and then afterWards being attached to 
the handling means using a plug-on or snap-on solution. The 
handling and ?exible member may then afterWards be 
encapsulated to form at least part of the ?nal sensor. 

[0053] Again, the ?rst ?exible member, the detecting 
means, and the actuator may be implemented as previously 
described. Also suitable materials for fabrication of the 
handling means and suitable substances have previously 
been described. 
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[0054] Furthermore, the detecting means for detecting the 
mechanical parameter associated With the ?rst ?exible mem 
ber may comprise a laser, an optical element and a position 
sensitive photo detector. 

[0055] A reference signal may be generated by a second 
?exible member being at least partly positioned inside the 
interaction chamber so that at least part of the second 
?exible member is exposed to the ?uid. The reference signal 
itself may be generated by a detecting means for detecting 
a mechanical parameter associated With the second ?exible 
member. The detecting means may comprise a pieZoresistive 
element, said pieZoresistive element being an integral part of 
the second ?exible member, and Wherein the pieZoresistive 
element forms part of a balanced bridge, such as a Wheat 
stone bridge. 

[0056] In a fourth aspect, the present invention relates to 
a sensor for detecting the presence of a substance in a ?uid, 
said sensor comprising: 

[0057] means for handling the ?uid, said handling 
means comprising an interaction chamber, an inlet 
and an outlet, 

[0058] a ?rst ?exible member having a surface, said 
surface holding a substance, Wherein the surface 
holding the substance is at least partly positioned 
inside the interaction chamber so that at least part of 
the substance is exposed to the ?uid, and Wherein 
fabrication of the ?rst ?exible member is part of 
fabrication of the handling means, 

[0059] means for detecting a mechanical parameter 
associated With the ?rst ?exible member, said 
mechanical parameter being related to the presence 
of the substance in the ?uid. 

[0060] The fact that the fabrication of the ?rst ?exible 
member is part of the fabrication of the handling means is to 
be understood in the folloWing Way. The fabrication of the 
handling means involves a plurality of steps. One or more of 
these step may involve the fabrication of the ?rst ?exible 
member. This issue is addressed in further details in 
“Detailed description of the invention” 

[0061] The ?rst ?exible member, the detecting means, and 
the actuator may be implemented as previously described. 
Also suitable materials for fabrication of the handling means 
and suitable substances have previously been described. 
Also according to this aspect, the sensor may further com 
prise 

[0062] a second ?exible member being at least partly 
positioned inside the interaction chamber so that at 
least part of the second ?exible member is exposed 
to the ?uid, and 

[0063] means for detecting a mechanical parameter 
associated With the second ?exible member. 

[0064] In a ?fth aspect, the present invention relates to a 
sensor for detecting the presence of a ?rst and a second 
substance in a ?uid, said sensor comprising: 

[0065] means for handling the ?uid, said handling 
means comprising an interaction chamber of 
micrometer dimensions, an inlet and an outlet, 
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[0066] a ?rst ?exible member having a surface, said 
surface holding a ?rst substance, Wherein the surface 
holding the ?rst substance is at least partly posi 
tioned inside the interaction chamber so that at least 
part of the ?rst substance is exposed to the ?uid, 

[0067] a second ?exible member having a surface, 
said surface holding a second substance, Wherein the 
surface holding the second substance is at least partly 
positioned inside the interaction chamber so that at 
least part of the second substance is exposed to the 
?uid, 

[0068] a ?rst detecting means for detecting a ?rst 
mechanical parameter associated With the ?rst ?ex 
ible member, said ?rst mechanical parameter being 
related to the presence of the ?rst substance in the 
?uid, and 

[0069] a second detecting means for detecting a sec 
ond mechanical parameter associated With the sec 
ond ?exible member, said second mechanical param 
eter being related to the presence of the second 
substance in the ?uid. 

[0070] The ?rst and second ?exible members may com 
prise a micro-cantilever having a ?rst and a second end, 
Wherein the ?rst end is attached to the interaction chamber. 
Alternatively, the ?rst and second ?exible members may 
comprise a micro-bridge having a ?rst and a second end, 
Wherein the ?rst and second ends are attached to the inter 
action chamber. Finally, each of the ?rst and second ?exible 
members may form part of a boundary de?ning the inter 
action chamber. This boundary may be a sideWall of the 
interaction chamber. 

[0071] The detecting means may comprise pieZoresistive 
elements being integral parts of the ?rst ?exible member. 
The detecting means may also comprise lasers,optical ele 
ments and a position sensitive photo detectors. 

[0072] The sensor may further comprise actuators for the 
?exible members. These actuators may comprise pieZoelec 
tric elements being integral parts of the micro-cantilevers. 
Other types of actuators may also be applied. 

[0073] The handling means may be fabricated in a mate 
rial selected from the group consisting of metals, glasses, 
polymers or semiconductor materials, such as silicon. The 
substances being held by the surface of the ?rst and second 
?exible members may be selected from the group consisting 
of metals, polymers, biochemical molecules or micro-bio 
chemical structures. The group of biochemical molecules 
and micro-biochemical structures comprises enZymes, 
DNA, Cells and proteins. 

[0074] In a sixth and ?nal aspect, the present invention 
relates to a sensor for detecting the presence of a ?rst and a 
second substance in a moving laminated ?uid, said lami 
nated ?uid comprising, in a cross section perpendicular to a 
direction of movement, a ?rst and a second region, said 
sensor comprising: 

[0075] means for handling the laminated ?uid, said 
handling means comprising an interaction chamber, 
an inlet and an outlet, 

[0076] a ?rst ?exible member having a surface, said 
surface holding a ?rst substance, Wherein the surface 






















