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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to the
field of chemical and biological sensors and in particular
to a micro electro-mechanical systems (MEMS) sensors
for measuring fluid viscosity and detection of minute
amounts of chemicals and biological agents in fluids.

BACKGROUND

[0002] Detecting small amounts of chemicals and sub-
stances in liquids have many applications in chemistry
and biology. In medicine, for example, one can diagnose
many diseases by detecting chemicals (sodium, nitrides,
calcium, potassium, cardiac markers, etc.) and their con-
centrations in bodily fluids such as blood, urine, saliva
etc. Detecting pathogens (Tuberculosis, Hepatitis, HIV
viruses, etc.) in bodily fluids as well as in the environment
is also area of active research and development.
[0003] Similarly measuring fluid viscosity has also
great interest in industrial applications and medicine. The
ability to gather data on viscosity gives manufacturers
important information on how to design fluidic systems.
Especially in microfluidic systems viscosity determines
the pumpability of the fluids and pressure drops across
the channels. For example, viscosity of inks is very crucial
for inkjet printing systems. In automotive industry, it is
necessary for lubricant manufacturers to know the vis-
cosity of their lubricants developed for different parts of
the car engine and hydraulic systems.
[0004] In medicine, blood viscosity and coagulation
time measurements are used for the diagnosis of several
diseases such as cardiovascular disorders, rheumatoid
arthritis, and certain autoimmune diseases. Patients who
use blood thinners need to monitor their blood viscosity
and coagulation time continuously.
[0005] The sensor requirement for the above sensing
areas can be addressed by vibrating mechanical struc-
tures. Especially microcantilevers find various applica-
tions based on advantages such as lower detection limits
due to miniaturization, the ability of shape optimization
of cantilevers, the ability to selectively place functional-
ized regions on the these cantilevers (also interchange-
ably called "microcantilevers"), and the possibility of
working on large arrays which can be integrated with op-
tics and electronics.
[0006] When these cantilevers are placed in liquid, the
dynamics of the vibration (phase and amplitude) are in-
fluenced by the viscosity of the liquid and the mass ac-
cumulation on the cantilevers. By measuring the vibration
phase and/or amplitude one can detect liquid viscosity
and minute amounts of chemicals and substances that
may exist in the liquid. Furthermore, the cantilevers can
be set into oscillation using a feedback circuitry. In this
case, frequency measurement can be used to monitor
dynamic changes of the cantilever vibration.

[0007] To address the measurement needs for viscos-
ity and mass, various methods have been proposed.
Some of the disadvantages of these currently known
types of sensors are; that they require electrical connec-
tions (also called electrical conductors) to couple the sen-
sor to a detector, limited optical detection options, limi-
tations to gas phase detection, sensors that use frail re-
adout components (for example, Doppler vibrometry), re-
adouts that can be affected by refractive index variations
due to monitoring of the deflection, sensors with no im-
munity against environmental noise, and the inability to
heat the cantilever/samples during sensing. Further, it is
believed that current alternatives to parallel sensing are
limited to laboratory use only. It is therefore desirable to
have a fieldable, label-free demonstrator, which is miss-
ing due to the lack of various components including a
suitable readout mechanism that can be utilized in an
array setting, a package that would protect functionalized
surfaces during shelf life, which usually requires handling
of liquids, and an integrated approach that would allow
disposal of certain components, whereas others remain
for the next use (for example, disposable cartridges con-
taining the MEMS sensor array).
[0008] One objective of this invention is to enable a
MEMS sensor array having a sensor array that is minia-
turized, highly selective, highly sensitive, parallel, label-
free and/or portable. Such a sensor array will provide a
valuable tool for point-of-care diagnostics, and chemical
sensing with its capabilities of a single analyte or a multi-
analyte screening and data processing. In addition such
a sensor can measure dynamic properties of bodily fluids
such as viscosity, fluid damping and chemical changes
of the liquid. It is a further objective of these sensor arrays
to increase sensitivity and specificity to possibly increase
the likelihood of early diagnosis as well as the suitability
of treatment assistance, such as dosage advice. It is en-
visioned that this may lead to increased effectiveness of
doctor-patient interaction and personalized guidance. It
is believed that such systems that meet the demands of
parallel, label-free, and highly selective sensing do not
exist today as microsystem technologies and readout
methods cannot meet expectations for various reasons
including: robustness issues associated with functional
surfaces and the lack of a truly integrated, array-compat-
ible readout techniques. Alternatively, it is believed that
microarray technologies can offer parallel and selective
detection, but are not fieldable as they require expertise
to run and maintain and require expensive infrastructure
due to complex labeling and sensing methods. While
many fieldable applications, such as pregnancy test kits
or the glucose sensor exist, these applications are limited
to one kind of species and lack parallel detection capa-
bility.
[0009] The sensor array platform is highly innovative
and versatile and has inspired by the novel uses. For
example, for the point-of-care diagnostics applications it
is envisioned that a microsystem-based sensors or par-
allel sensor array (2 to 64 channels and more); can be
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used for various species for shifts in resonance frequency
of an array of cantilevers will be monitored as an indica-
tion of mass accumulation. In this example, detection of
frequency shifts will be carried out through a novel inte-
grated optoelectronic chip. Sensitivity in the range of 0.1
to 1000 ng/ml with better than 25% reproducibility is
aimed. In addition to resonance frequency, one can
measure the phase difference between the drive signal
and the micro-cantilever motion. Cantilevers can be func-
tionalized with various chemicals and can be placed in
different channels. The same fluid can be applied to the
channels where the effect of the chemicals is measured
on fluid viscosity by monitoring the phase difference be-
tween the excitation signal and mechanical vibration
waveform of the cantilevers in the array. Typical sensi-
tivity of 0.001 cps is possible to achieve using cantilevers.
[0010] Additionally, possible uses of this invention in-
clude liquid phase detection of disease from body fluids
(e.g., blood, serum, urine, or saliva), and a detector to
detect pathogens that may exists in environmental water
supplies. Additionally, it is believed that in an aqueous
medium, the invention will allow parallel, fast, real-time
monitoring of a large number of analytes (e.g., proteins,
pathogens, and DNA strands) without any need for labe-
ling, and, therefore, be ideal for the targets screening in
drug discovery process, or as a promising alternative to
current DNA and protein micro array chips. Using such
a label-free device may decrease the number of prepa-
ration stages and shorten diagnosis time. It is proposed
that one can investigate DNA sequences, successful re-
sults will be the positive detection of various mutations
in human DNA (e.g., sickle cell anemia, -thallesemia) in
parallel.
[0011] This invention demonstrates a highly parallel
detection of changes in the dynamics of a cantilever ar-
ray. The proposed sensor can be used for label-free de-
tection of (bio/chem) agents as well as liquid viscosity
measurement in a robust, miniaturized package using
multiple disciplines including integrated photonics, VLSI,
and Micro/Nano system technologies to develop a ver-
satile sensor array with breakthrough performance.
[0012] Each sensor is typically located on a MEMS
sensor array operates by monitoring the resonant fre-
quency, amplitude and/or phase of the vibrating mechan-
ical structures (also called cantilevers or microcantilev-
ers). Output of a sensor is the change in resonant fre-
quency, amplitude and/or phase in response to accumu-
lated mass on the cantilever due to a specific binding
event or changes in the viscosity of the liquid. The array
of cantilevers may be actuated by an actuating means;
for example, electromagnetic force means; piezoelectric
force; electric force; electrostatic force means and com-
binations thereof. An exemplary actuating means is a
single electro-coil that carries a superposed drive current
waveform. Preferably optical feedback from a mecha-
nism to sense light coupled with each sensor is used for
detection of specific binding events and also for closed-
loop control of the cantilevers at resonance. More pref-

erably, damping can be tuned by closed-loop control
electronics allowing sharp resonance peaks (high-Q)
even in liquid media. In an exemplary embodiment, fre-
quency resolution is inherently higher compared to other
read-out techniques such as the piezoresistive or capac-
itive methods.
[0013] Preferably, the MEMS chip contains the func-
tionalization layer on magnetic structural layer (for exam-
ple, Nickel). More preferably, the location on the canti-
lever of the functionalized layer can be chosen to maxi-
mize the resonant frequency shift per added unit mass
or the phase shift. In an embodiment, the novel structure
of the cantilevers includes a diffraction grating in the form
of simple slits and/or heating elements. The light reflected
from the diffraction grating can be collected by optical
fibers. In another arrangement, diffraction gratings can
be omitted and flat surface of the cantilevers can be used
to reflect the light. In this case, light can be still collected
using optical fibers where the cantilever vibration deter-
mines the amount of light coupling to the optical fibers
and hence, the photodetector output that the fibers are
coupled represents the cantilever vibration amplitude
and phase. The MEMS sensor array (also called a MEMS
chip) is preferably envisioned to be disposable and re-
placeable in future products; for example, as a disposa-
ble cartridge containing a MEMS sensor array to be cou-
pled with a detector apparatus containing an actuating
means (also sometimes called an actuator). This exem-
plary embodiment would leave the actuator and electron-
ics layers intact for reuse. Preferably, the MEMS chip is
a passive component with no electronic link (also called
an electrical conductor) to the detector apparatus. In this
embodiment this will facilitate work in fluidic environ-
ments, since less isolation, coupling, and stiction issues
need to be considered. Furthermore, the present embod-
iment includes the integration of electronics and optics
coupled with a passive component to provide ease and
flexibility of use compared to a direct integration of the
MEMS layer with IC detection apparatus. Finally in a pre-
ferred embodiment, magnetic actuation can be carried
out remotely through an external electromagnetic coil on
the MEMS chip. It is believed that sensitivity levels
achieved in mass measurements will directly be reflected
by detection sensitivity of the analytes of interest. Addi-
tionally, the type of surface functionalization utilized on
the cantilever surfaces will determine the field of appli-
cation, e.g., Human Kappa Opioid receptor (HKOR) is
utilized for the detection of narcotics. In an exemplary
embodiment it is believed that a minimum mass detection
limit of 500 femtograms or less may be achieved through
discrete optics, electronics, and an electromagnet. Also
the same system can achieve a low as 0.001 cps viscosity
measurement sensitivity. Preferably, integration of dis-
crete components and further miniaturization will sub-
stantially improve the minimum detection limit, sensitiv-
ity, parallelism, and robustness of the device and will
meet the challenges of label-free and parallel detection
in a portable device.

3 4 



EP 3 044 577 B1

4

5

10

15

20

25

30

35

40

45

50

55

SUMMARY

[0014] It is an object of the present invention to provide
a sensor that will work in disposable cartridges with re-
mote sensing that can measure dynamic changes of the
functionalized cantilevers in liquid and gas environment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is a diagrammatic view of a preferred embod-
iment of a system concept for the reader, cartridge
and sensor with optical readout illustrating operation
for liquid-phase sensing.
FIG. 2 is a diagram of one preferred embodiment of
microcantilever array placed in a system of microflu-
idic channels including optical light collectors, actu-
ation means and control electronics.
FIG. 3 is a diagrammatic view of one preferred em-
bodiment of the invention including disposable car-
tridge.
FIG. 4 is a diagrammatic top view of one preferred
embodiment of the invention including MEMS sen-
sors placed in microfluidic channels.
FIG. 5 is a diagrammatic to view of one exemplary
embodiment of the invention where MEMS micro-
cantilevers have diffraction gratings at one end of
the microcantilevers that are placed in microfluidic
channels.
FIG. 6 is a diagrammatic view of one exemplary em-
bodiment of the cantilever where the tip of the can-
tilever is selectively functionalized with chemicals.
FIG. 7 is a diagrammatic view of an exemplary em-
bodiment of a system concept for an optical readout
diagrammatically includes a cantilever having grat-
ings.
FIG. 8 is a diagrammatic view of an exemplary em-
bodiment of a concept using optical lever method to
detect cantilever deflection where reflected light is
collected by an optical fiber.
FIG. 9 is a diagrammatic view of an exemplary em-
bodiment of a concept illustrating optical illumination
method where a fan-out diffraction grating is used to
illuminate an array of microcantilevers.
FIG. 10 is a diagrammatic view of an exemplary em-
bodiment showing the details of the parallel optical
readout for cantilevers with diffraction gratings.
FIG. 11 is a diagrammatic view of an exemplary em-
bodiment of process layers for cantilever array, sens-
ing layer, and local microheaters for the invention.

DESCRIPTION OF EMBODIMENTS

[0016] In an exemplary embodiment the key areas of
the system can be listed as follows: (1) A detector chip
preferably including a silicon based novel integrated op-
toelectronic chip utilizing die-bonded laser diode array

(ID VCSEL array), photodetectors 13, and CMOS read-
out electronics with wafer thinning and Si via technology;
(2) A MEMS chip 1 (also called a MEMS sensor array)
with micro/nano resonant cantilevers 10 with integrated
grating 24 structures, heating elements 47 and, remote
electromagnetic actuator for a disposable chip; (3) 3D
integration of integrated optoelectronics chip and MEMS
chip with hybrid-stacking; (4) Functionalization of MEMS
cantilevers 10 with different specific recognition mole-
cules (proteins, oligonucleotides, chemical assemblies)
with focused immobilization methods addressing only
one individual cantilever 10 from the array; (5) Demon-
stration of parallel sensor array operation (from 2 up to
64 parallel channels 16) for highly selective and accurate
recognition of chemical and biological agents.
[0017] In an exemplary embodiment involves the de-
sign and fabrication of the MEMS chip on SOI wafer with
nickel cantilevers 10. The idea of an integrated diffraction
grating 39 has already been demonstrated to provide ex-
tremely high-resolution displacement detection (with
demonstrated sub-angstrom average detection limit) for
Atomic Force Microscope (AFM) and other applications
with simple fabrication and good immunity to environ-
mental noise. In the exemplary embodiment microcanti-
levers 38 can be replaced by membrane devices and in
an exemplary operation mode, cantilevers 10 or mem-
branes can be coupled with an actuator to adjust the gap
26 to selectively tune the responsivity.
[0018] A preferred embodiment also involves optical
fibers 32 to collect light. If the cantilevers 10 have gratings
24 than fibers 32 will collect light from the diffracted orders
and couple it to photodectectors. For flat cantilevers 10,
fibers 32 are also part of the detection mechanism. In
this case, cantilever 10 vibration changes the direction
of the light and hence affects the light coupled to the
optical fiber 32.
[0019] A preferred embodiment also involves the de-
sign and fabrication of a detection apparatus comprising
a detection chip and a control electronics 14 that func-
tions independently of the MEMS layer. Preferably the
detection apparatus is a universal read-out with no phys-
ical connection or electrical conductors to MEMS chip
such that there is no electrical connection for electrons
to flow from the detector chip or detector apparatus to
the MEMS chip 1 and vice-versa.. While VCSEL array
technology is commercially available, it cannot be placed
on the same side with the photodetectors 13 due to high
packing density in the parallel sensor array and can be
vertically integrated with flipchip bonding. Silicon via
technology developed for 3D hybrid chip stacking will be
utilized to channel 16 the VCSEL or other laser 27 onto
MEMS chip. The preferably envisioned platform is ver-
satile and can be utilized for optical interconnects and
other photonics applications.
[0020] Preferably the detection apparatus includes a
control electronics 14 involving closed loop control of
MEMS cantilevers 10 using the detector chip with optical
feedback at resonance, noise cancellation, and precise
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frequency measurement to detect dynamic changes. The
detecting apparatus is preferably designed to be able to
handle vapour phase and aqueous phase samples. The
detector chip, preferably an optoelectronic chip, and the
disposable MEMS layer are preferably aligned with good
precision. Preferably this can be realized through me-
chanical guides machined in the package 2, and more
preferably active alignment can be used to achieve few
microns precision.
[0021] Prefereably, control electronics 14 will drive the
actuation means at a single frequency and the phase
difference between the drive signal and the photodetec-
tor 13 signal will be measured.
[0022] Preferably, the individual components of the
sensor array can each be optimally designed and man-
ufactured and various noise reduction techniques can be
implemented to achieve sensitivities approaching the
fundamental limits. Developing compact, highly function-
al, portable and disposable sensors for bio-sensing, gas
sensing, thermal sensing using an absorption area and
thermal isolation legs, and spectroscopic devices using
grating and selective absorbing materials with this sensor
array technology. Hence, realization of the proposed ide-
as will contribute to a personal health system through
multi-analyte diagnostics capability, increased effective-
ness in doctor-patient interaction, early detection of dis-
eases and their recurrence including cancer, and detec-
tion of hazardous substances for security.
[0023] Further exemplary embodiments are described
below.
[0024] Figure 1 shows a preferable disposable pack-
age 2 concepts and illustrates that there may be no elec-
trical conductors (also called electrical connections) to
the disposable cartridge. Likewise, microfluidics handling
can be integrated (e.g., simple filtration can be used) with
the disposable package 2 to separate serum from a drop
of blood and then drive the serum onto the cantilevers
10 for measurement. The preferable reader 4 shown in
Fig. 1 includes a detector apparatus and an actuating
means 15 preferably an electromagnet 46 used for AC
(alternating current) actuation and, preferably, a perma-
nent magnet for magnetic field enhancement. The dis-
posable package 2 shown in figure 1 also preferably in-
cludes a disposable cartridge including a MEMS chip 1
coupled to a fluid contacting system preferably compris-
ing a fluid chamber 5 (also sometimes called "a reaction
chamber"), a fluid inlet coupled to the fluid chamber 5
and a fluid outlet also coupled to the fluid chamber 5. In
some instance the fluid inlet and the fluid outlet may occur
through the same space designated as a fluid inlet/outlet
8. The preferable reusable reader 4 also includes a mech-
anism to sense light which preferably is optoelectronic
readout to measure the MEMS chip 1. The reader 4 also
includes a pump that couples to fluid ports 8. The reader
4 also includes a temperature controller system to keep
the cartridge at a desired temperature during testing. Fur-
ther, the preferable reader 4 in figure 1 also preferably
includes control electronics 14 and a user interface 9.

[0025] Figure 2 shows details of an exemplary embod-
iment of an optical readout and actuation means dramat-
ically includes a disposable cartridge having cantilever
10 and fluid chambers 5, light collector 12, photodetector
13 and control electronics 14. An actuating means 15,
preferably an electromagnet 46 and most preferably an
electro-coil as shown, is placed below the cartridge that
holds the microfluidic channels 22. The actuator may
cause the cantilevers 10 to vibrate at certain frequencies.
Also shown is a preferable laser 27 which couples to the
cantilevers 10 and reflects from the cantilever 10 surface.
The reflected light can be coupled to light collectors 12
which are coupled to photodetectors 13 for the detection
of the reflected light. The signal output from the photodi-
ode 33 is modulated by the cantilever 10 vibration. The
cantilever 10 surface may have a grating 24. In this case
the fibers 32 will collect the diffracted light from the grat-
ings 24.
[0026] Figure 3 shows a disposable cartridge. The car-
tridge may have one of more channels 16 as shown in
the figure. The channels 16 may have a fluidic chamber
5 where the width and/or height of the channel 16 are
different from the rest of the channel 16. The cantilever
10 sensor can be placed in this portion of the channel
16. The cartridge material could be preferably plastic,
epoxy glass, Plexiglas or acrylic. The channels 16 can
be made by machining the disposable cartridge by me-
chanically, chemically or by molding techniques. A closed
channel 16 can be obtained by gluing a cover plate 17
on the substrate 25 that holds the channels 16. The car-
tridge may have an inlet 18 and an outlet 19 coupled to
the channels 16. The fluid can be applied through these
openings as well as fluid motion can be achieved by cou-
pling a pump to the inlet 18 or outlet 19. Inlet 18 and outlet
19 can be also placed on the cover. The cartridge may
have alignment or guide cutouts 20 for easy placement
of the cartridge into the reader 4. The cover may have
the corresponding cutouts 21.
[0027] Figure 4 shows top view of fluid channels 5 with
MEMS chips 1. In an exemplary embodiment, at least
one MEMS chip can be placed in each fluid chamber 5.
The MEMS chip is composed of the base 23, preferably
silicon, and the cantilever 10, preferable a magnetic ma-
terial.
[0028] Figure 5 shows the top view of MEMS chip 1
with gratings 24 at the end of the cantilevers 10. The
cross section image shows the substrate 25 under the
cantilever 10. This part is used for interference.
[0029] Figure 6 shows a functionalized cantilever 10.
The sensing surface of individual cantilevers 10 can be
appropriately activated (self-assembled monolayer, hy-
drophilic polymer coating) for covalent immobilization of
recognition molecules. In one exemplary embodiment
precise addressing of reagent solutions can be achieved
using ink-jet deposition system, dip coating, microspot-
ting, or using microfluidic channels 16 for each analyte;
alternatively, photoactivation-based chemical reactions
will be employed providing reactive groups only in the
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light-activated surface zones. It is envisioned that model
(bio)ligands for covalent immobilization can include an-
tibodies (immunosensing), oligonucleotide probes (hy-
bridization assays) and chemical assemblies (nano-
tubes, nanoparticles, supermolecular complexes, lipid bi-
layers). It is believed that surface density of binding sites
will be determined using enzyme labeling, fluorescent
microscopic imaging and/or atomic force microscopy)
[0030] Figure 7 shows details of an embodiment of an
optical readout diagrammatically includes a cantilever 10
having grating 24 coupled to a substrate 25 to form a gap
26. An actuating means 15, preferably an electromagnet
46 and most preferably an electro-coil as shown, is
placed below the substrate 25 which may cause the can-
tilever 10 to vibrate at certain frequencies. Also shown
is a preferable laser 27 which couples to the grating 24
and forms refracted orders 28: 0th order refraction, 1st

order refraction 30 and 3rd order refraction 31 as prefer-
ably shown. The refracted orders 28 are collected by a
combination of fiber optic cables 32 and photodetectors
13. The signal output from the photodiode 33 is repre-
sented by diffracted order intensities for the 0th order re-
fraction and the 1st order refraction.
[0031] Figure 8 shows details of an embodiment of op-
tical lever readout diagrammatically includes a cantilever
10 with a flat surface. An actuating means 15, preferably
an electromagnet 46 and most preferably an electro-coil
as shown, is placed below the disposable cartridge which
may cause the cantilever 10 to vibrate at certain frequen-
cies. Also shown is a preferable laser 27 which reflects
back from the cantilever’s 10 flat surface. The reflected
beam is collected by an optical fiber 32. The vibration of
the cantilever 10 changes the direction of the reflected
light and hence changes the amount of light that couples
to the fiber optic cable 32. The fiber optic cable 32 is
coupled to photodiode 33 for detection. The signal output
from the photodiode 33 is then modulated by the canti-
lever 10 vibration.
[0032] Figure 9 shows details of an exemplary embod-
iment of an optical lever readout implemented for detect-
ing vibration of an array of cantilevers 10 where cantilev-
ers 10 are placed in a system of fluid chambers 5. A fan-
out diffraction grating 34 can be used to generate multiple
beams from a single light source 35, preferably a laser
27. A focusing optics 36 directs the generated beams
onto cantilevers 10. The reflected light is collected by
optical fibers 32 which are couple to an array of photo-
diodes 33.
[0033] Figure 10 illustrates the details of another ex-
emplary embodiment of electronics system 37 (may be
part of the control electronics 14 and user interface 9
shown in figure 1) and the optical readout system (may
also be known as the optoelectronic readout; for example
as in Fig. 1), where the amplitude or the phase of the
microcantilever 38 vibration of the microcantilever 38 is
the desired sensor output. In this embodiment, the optical
readout system includes a laser 27, preferably a red laser
diode, a diffraction grating 39, a first lens 40, a beam

splitter 41 a second lens 42 and a photodetector 13,
which can be coupled to a fiber 32, wherein the beam
splitter 41 can interact with an individual grating 24 or the
flat surface of the cantilever 10. In this embodiment the
microcantilevers 38 can be vibrated at a specific frequen-
cy at the vicinity of their resonances. The electronics sys-
tem 37 includes a preamplifier 48 coupled to the photo-
detector 13 output, a signal generator 43 coupled to drive
amplifier 44 and also coupled to phase and amplitude
detection electronics 45, an electromagnet 46 that cou-
ples to the MEMS chip 1. In an exemplary embodiment
MEMS cantilevers 10 can be illuminated with a laser
beam that is generated from a laser 27 using a fan-out
diffraction grating 34. In the case of cantilevers 10 with
gratings 24, reflected light from the substrate 25 and the
sensor surface interfere and create diffraction orders. 1st
diffraction order is monitored to avoid large bias in the
0th order direct reflection beam. The 1st diffracted order
is collected by a system of fiber cable 32 and photodiode
33. The photo diode signal is fed into a detection circuitry
along with the reference drive output of the signal gen-
erator 43. The phase and amplitude detection electronics
45 then outputs the phase difference between the drive
signal and the photodetector 13 output as well as the
amplitude of the photodetector 13 signal. In the case of
flat cantilevers 10, the optics is aligned such that the fib-
ers 32 collect the reflected light from the cantilever 10
surface. The direction of the reflected light is determined
by the cantilever 10 vibration therefore amount of coupled
to the fiber 32.
[0034] The exemplary embodiment shown in Figure 11
includes embedding heating element 47 in the cantilever
10 structure allows for local-heating on the cantilevers
10. This can be especially important for analyzing chem-
icals and biological samples as each reagent can have
different adsorption and desorption rates at different tem-
peratures. This can be used to improve specificity (or
selectivity) of detection against different chemical and
biological binding events. Localized heating can be to
create temperature dependent spectra, DNA melting
curves, and to increase specificity by introducing multi-
modal detection capability.

Claims

1. A device adapted to sense mass accretion and vis-
cosity comprising;

a disposable cartridge having a plurality of fluidic
channels (16),
at least one vibrating mechanical structure (10)
placed in at least one fluidic channel (16),
at least one light source (35) coupled to each of
the at least one vibrating mechanical structure,
at least one actuation means (15) being excited
at a single actuation frequency,
a control electronics (14) measuring the phase
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of the vibrating mechanical structures (10) with
respect to the excitation signal,
at least one light collector (12) coupled to the at
least one vibrating mechanical structure (10)
and the at least one light source (35),
the at least one light collector being coupled to
at least one photodetector (13) and the control
electronics (14) being coupled to the at least one
actuation means (15), wherein;
the at least one light collector (12) is an optical
fiber (32) to collect light from the vibrating me-
chanical structure (10) and to couple it to said
photodetector (13).

2. The device in claim 1 wherein the control electronics
(14) is removably coupled to the at least one photo-
detector (13).

3. The device in claim 1 wherein the at least one light
source (35) is a single light source selected from the
group consisting of laser source; VCSEL; LED and
combinations thereof.

4. The device in claim 1 wherein the light source (35)
is coupled to a fan-out diffraction grating (34) and a
focusing optics (36).

5. The device in claim 1 wherein the vibrating mechan-
ical structures are suspended cantilevers (10).

6. The device in claim 5 wherein the tip of the cantilever
(10) contains an integrated grating (24).

7. The device in claim 5 wherein the cantilever (10)
surface is selectively functionalized.

8. The device in claim 1 wherein the vibrating mechan-
ical structures (10) bend in response to the actuation
means (15) and change the angle of reflected light.

9. The device in claim 1 wherein the at least one actu-
ation means (15) is selected from the group consist-
ing of electromagnetic force; piezoelectric force;
thermal force; electrostatic force means and combi-
nations thereof.

10. The device in claim 1 wherein the at least one actu-
ation means is a single coil that energizes the at least
one vibrating mechanical structure.

11. The device in claim 1 further comprising at least one
heating element (47) coupled with each vibrating me-
chanical structure (10).

12. The device in claim 1 wherein the disposable car-
tridge is temperature stabilized using a removably
coupled temperature controller.

13. The device in claim 1 wherein the channels (16) are
selectively coated with different chemicals.

14. The device in claim 1 wherein the channels (16) are
connected to fluidic ports on the cartridge.

15. The device in claim 14 wherein the fluid is actuated
by means of a pump removably coupled to the car-
tridge.

16. The device in claim 1 wherein the at least one actu-
ation means (15) is removably coupled to the at least
one vibrating mechanical structure (10).

Patentansprüche

1. Vorrichtung geeignet um Massenzuwachs und Vis-
kosität zu erkennen, aufweisend;
eine Einwegpatrone mit mehreren Strömungskanä-
len (16),
mindestens eine vibrierende mechanische Struktur
(10) angebracht in mindestens einen Strömungska-
nal (16),
mindestens eine Lichtquelle (35) gekoppelt an jede
der mindestens einen vibrierenden mechanischen
Struktur,
mindestens ein Auslösemittel (15) die bei einer indi-
viduellen Auslösungsfrequenz angeregt ist,
eine Steuerelektronik (14) die die Phase der vibrie-
renden mechanischen Strukturen (10) gemäß dem
Erregungssignal erfasst,
mindestens ein Lichtkollektor (12) gekoppelt an die
mindestens eine vibrierende mechanische Struktur
(10) und an die mindestens eine Lichtquelle (35),
der mindestens ein Lichtkollektor ist an mindestens
einen Fotodetektor (13) gekoppelt und die Steuere-
lektronik (14) ist an das mindestens ein Auslösemit-
tel (15) gekoppelt, wobei;
der mindestens ein Lichtkollektor (12) ein Lichtleiter
(32) ist zum Auffangen Licht von der vibrierenden
mechanischen Struktur (10) und zum koppeln dieses
Licht an den besagten Fotodetektor (13).

2. Vorrichtung nach Anspruch 1, wobei die Steuere-
lektronik (14) an den mindestens einen Fotodetektor
(13) lösbar gekoppelt ist.

3. Vorrichtung nach Anspruch 1, wobei die mindestens
eine Lichtquelle (35) eine individuelle Lichtquelle ist,
ausgewählt aus der Gruppe bestehend aus: Laser-
strahlquelle; VCSEL; LED und Kombinationen da-
von.

4. Vorrichtung nach Anspruch 1, wobei die Lichtquelle
(35) an ein optisches Ausfächerungsgitter (34) und
an eine Fokussieroptik (36) gekoppelt ist.
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5. Vorrichtung nach Anspruch 1, wobei die vibrieren-
den mechanischen Strukturen abgefederte Freiträ-
ger (10) sind.

6. Vorrichtung nach Anspruch 5, wobei die Spitze des
Freiträgers (10) ein integriertes Gitter (24) aufweist.

7. Vorrichtung nach Anspruch 5, wobei die Oberfläche
des Freiträgers (10) selektiv funktionalisiert ist.

8. Vorrichtung nach Anspruch 1, wobei die vibrieren-
den mechanischen Strukturen (10), als Antwort auf
die Auslösemittel (15), sich biegen und den Winkel
des reflektierenden Lichts ändern.

9. Vorrichtung nach Anspruch 1, wobei das mindestens
ein Auslösemittel (15) ausgewählt ist aus der Gruppe
bestehend aus: elektromagnetische Kraft; piezoe-
lektrische Kraft; thermal Kraft; elektrostatische Kraft-
mittel und Kombinationen davon.

10. Vorrichtung nach Anspruch 1, wobei das mindestens
ein Auslösemittel eine Einzelspule ist die die min-
destens eine vibrierende mechanische Struktur be-
tätigt.

11. Vorrichtung nach Anspruch 1, ferner aufweisend
mindestens ein Heizelement (47) gekoppelt mit jeder
vibrierenden mechanischen Struktur (10).

12. Vorrichtung nach Anspruch 1, wobei die Einwegpa-
trone mittels eines lösbar gekoppelten Temperatur-
reglers temperaturbeständig ist.

13. Vorrichtung nach Anspruch 1, wobei die Kanäle (16)
selektiv mit verschiedenen Chemikalien beschichtet
sind.

14. Vorrichtung nach Anspruch 1, wobei die Kanäle (16)
an Strömungsöffnungen auf der Patrone verbunden
sind.

15. Vorrichtung nach Anspruch 14, wobei das fluid mit-
tels einer an die Patrone lösbar gekoppelten Pumpe
angetrieben ist.

16. Vorrichtung nach Anspruch 1, wobei das mindestens
ein Auslösemittel (15) an die mindestens eine vib-
rierende mechanische Struktur (10) lösbar gekop-
pelt ist.

Revendications

1. Dispositif adapté pour détecter l’accroissement en
masse et la viscosité, comprenant une cartouche
jetable ayant une pluralité de canaux d’écoulement
(16),

au moins une structure mécanique vibrante (10) si-
tuée dans au moins une des canaux d’écoulement
(16),
au moins une source de lumière (35) accouplée à
chacune de ces au moins une structure mécanique
vibrante,
au moins un moyen de déclanchement (15) excité à
une fréquence de déclanchement individuelle,
une électronique de commande (14) mesurant la
phase des structures mécaniques vibrantes (10) par
rapport au signal d’excitation,
au moins un collecteur de lumière (12) accouplé à
cet au moins une structure mécanique vibrante (10)
et à cet au moins une source de lumière (35),
cet au moins un collecteur de lumière étant accouplé
à cet au moins un photo-détecteur (13) et l’électro-
nique de commande (14) étant accouplé à cet au
moins un moyen de déclanchement (15),
dans lequel
cet au moins un collecteur de lumière (12) est une
fibre optique (32) recueillant la lumière de la structure
mécanique vibrante (10) et accouplant ceci à ce pho-
to-détecteur (13).

2. Dispositif selon la revendication 1, dans lequel l’élec-
tronique de commande (14) est accouplé de manière
amovible à cet au moins un photo-détecteur (13).

3. Dispositif selon la revendication 1, dans lequel cet
au moins une source de lumière (35) est une source
de lumière individuelle choisie parmi le groupe qui
consiste en : source laser, VCSEL; LED et leurs
combinaisons.

4. Dispositif selon la revendication 1, dans lequel la
source de lumière (35) est accouplée à un réseau
de diffraction (34) en éventail et à une optique de
focalisation (36).

5. Dispositif selon la revendication 1, dans lequel les
structures mécaniques vibrantes sont des cantile-
vers (10) suspendus.

6. Dispositif selon la revendication 5, dans lequel la
pointe du cantilever (10) comprend un grillage (24)
intégré.

7. Dispositif selon la revendication 5, dans lequel la sur-
face du cantilever (10) est fonctionnalisée sélective-
ment.

8. Dispositif selon la revendication 1, dans lequel les
structures mécaniques vibrantes (10) se plient en
réponse au moyen de déclanchement (15) et chan-
gent l’angle de la lumière réfléchie.

9. Dispositif selon la revendication 1, dans lequel le dit
au moins un moyen de déclanchement (15) est choi-
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si parmi le groupe qui consiste en : force électroma-
gnétique; force piézoélectrique; force thermale;
moyens de force électrostatique et leurs combinai-
sons.

10. Dispositif selon la revendication 1, dans lequel le dit
au moins un moyen de déclanchement est une bo-
bine unique qui excite l’au moins une structure mé-
canique vibrante.

11. Dispositif selon la revendication 1, comprenant en
outre au moins un élément chauffant (47) accouplé
à chaque structure mécanique vibrante (10).

12. Dispositif selon la revendication 1, dans lequel la car-
touche jetable est stabilisée en température à l’aide
d’un régulateur thermique accouplé de manière
amovible.

13. Dispositif selon la revendication 1, dans lequel les
canaux (16) sont revêtus sélectivement avec de dif-
férents produits chimiques.

14. Dispositif selon la revendication 1, dans lequel les
canaux (16) sont reliés aux apertures fluidiques sur
la cartouche.

15. Dispositif selon la revendication 14, dans lequel le
fluide est actionné au moyen d’une pompe accou-
plée à la cartouche de manière amovible.

16. Dispositif selon la revendication 1, dans lequel cet
au moins un moyen de déclanchement (15) est ac-
couplé à cet au moins une structure mécanique vi-
brante (10) de manière amovible.
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