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(57) ABSTRACT 

The invention relates to a system and method for detecting the 
displacement, such as the de?ection, of a plurality of ele 
ments (1), such as microcantilevers, forming part of an array 
(2), by emitting a light beam (4) toWards the array (2) and by 
receiving a re?ected light beam on an optical position detec 
tor, Whereby the position of incidence of the light beam is 
determined by the displacement of the corresponding ele 
ment. The system further comprises: scanning means (7) for 
the displacing the light beam (4) along the array (2) so that the 
light beam is sequentially re?ected, by the individual ele 
ments (1) along said array (2); and re?ection detecting means 
(11) for detecting When the light beam is re?ected by an 
element. The system is arranged so that When the re?ection 
detecting means (11) detect that the light beam is re?ected by 
an element, the corresponding position of incidence of the 
light on the detector is taken as an indication of the displace 
ment of the element. 

14 Claims, 3 Drawing Sheets 
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SYSTEM AND METHOD FOR DETECTING 
THE DISPLACEMENT OF A PLURALITY OF 

MICRO- AND NANOMECHANICAL 
ELEMENTS, SUCH AS 
MICRO-CANTILEVERS 

RELATED APPLICATION 

This application is a continuation of Application Ser. No. 
10/592,041, ?led Sep. 8, 2006 noW abandoned, Which is the 
US. National Phase application under 35 U.S.C. §371 of 
International Application PCT/EP2005/002356 ?led Mar. 4, 
2005, Which claims the bene?t of European Patent Applica 
tion No.: 043810043, ?led Mar. 8, 2004. 

TECHNICAL FIELD 

The invention relates to a system and a method for the 
detection of the displacement of mechanical elements, suit 
able for use in, for example, measurement systems based on 
microcantilevers, Where measurements are carried out by 
detecting the displacement (such as the de?ection) and/or 
movement of said cantilevers. 

STATE OF THE ART 

There is an increasing interest in systems based on micro 
and nanomechanical elements, for communication, small 
force detection and ultrasensitive bio-chemical sensors (H. G. 
Craighead, Science 290, 1532 (2000)). For example, micro 
cantilevers are used for sensitive mapping of attractive and 
repulsive forces at nanometer scale in atomic force micros 
copy (Y. Martin, C. C. Williams and H. K. Wickramasinghe, 
J. Appl. Phys. 61, 4723 (1987)), for ultrasensitive nanome 
chanical biological and chemical sensors (B. Ilic, D. CZa 
pleWski, H. G. Carighead, P. NeuZil, C. Campagnolo and C. 
Batt, Appl. Phys. Left. 77, 450 (2000)), for charged-particle 
detection (A. C. Stephan, T. Gaulden, A. D. BroWn, M. Smith, 
L. F. Miller and T. Thundat, Rev. Sci. Instrum. 73, 36 (2002)), 
for Writing and readout of ultrahigh density data storage (P. 
Vettiger et al, Microelectronics Engineering 46, 11 (1999)) 
and in detectors of gravitational Waves (C. Caves, K. Thorne, 
R. Drever, V. Sandberg and M. Zimmermann, Rev. Mod. Phys. 
52, 341 (1980)). 

Normally, the systems are based on cantilevers having a 
?xed and a movable end; in these systems, it is normally the 
displacement and/or movement of the “free” end that is 
detected. HoWever, there are also systems based on cantile 
vers clamped at both ends; then, the movement of the central 
part can be detected. Further, there are other micro- and 
nanomechanical structures that are movable and ?exible, 
such as doubly clamped paddles Whose “easy” direction of 
motion corresponds to the torsion of the paddle around the 
axis of the hinges that connect the paddle to a frame (basi 
cally, like a square racket fastened to a frame by tWo opposite 
handles of the racket, extending along an axis). Other knoWn 
systems use membranes that are connected to a frame through 
tWo sets of hinges, Which alloWs tWo angular degrees of 
freedom. Hereinafter, When discussing the general back 
ground of the invention, We Will refer to the micro- or nano 
cantilevers having one ?xed (clamped) and one free end, the 
de?ection of Which is to be measured (here de?ection is the 
displacement of the microcantilever free end). HoWever, the 
invention can also be applied, in a similar manner, to other 
mechanical elements, such as those mentioned above. 

In a microcantilever system, this de?ection is of about 
several nanometers and a resolution better than 0.1-1 nm may 
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2 
be needed, depending on the application. For the readout of 
the cantilever de?ection, there are several techniques, such as 
capacitive detection, detection based on tunnel current, opti 
cal interferometry, pieZoresistive readout, as Well as the so 
called optical beam de?ection technique. 

Examples of microcantilever systems are disclosed in, for 
example: 

Engel et al, Trends in Cell Biology, Volume 9, February 
1999, pp. 77-80, “Atomic force microscopy: a poWerful 
tool to observe biomolecules at Work” 

P. Vettiger et al, IBM .1. Res. Develop, Volume 44, Number 
3, May 2000, pp. 323-339. “The millipede-more than 
one thousand tips for future AFM storage” 

WO-A-01/33226 
WO-A-03/091458 
The optical beam de?ection method is the most sensitive 

one, and it has the advantage that it can be easily imple 
mented. FIG. 1 schematically illustrates a conventional prior 
art arrangement for optical beam de?ection. A light source 3 
(normally a laser light source) produces a light beam 4 (nor 
mally a laser light beam, in the visible, ultraviolet or infrared 
spectrum) that is focused (that is, either directly focused or 
via directing means involving, for example, one or more 
mirrors 9, etc.) onto the element 1, the displacement of Which 
is to be measured, for example, onto the end of a micro- or 
nanomechanical cantilever. The de?ection of the beam 
re?ected off the cantilever is measured With a photodetector 
5, for example, a segmented photodetector, a continuous posi 
tion sensing photodetector, a photodetector array etc. Com 
monly a segmented photodetector is employed that is split 
into tWo segments oriented parallel to the cantilever motion 
axis. The cantilever de?ection produces a displacement of the 
re?ected laser spot on the photodetector. Thus the difference 
in photocurrents betWeen the tWo segments is proportional to 
the cantilever de?ection. 

This system is suitable for measuring both the static and the 
dynamic behaviour of the elements/ cantilevers, for example, 
the maximum de?ection, mean value of de?ection, amplitude 
at a reference frequency (the element can be externally driven 
by a excitation force oscillating at the reference frequency), 
phase of the motion With respect to a external driving signal, 
frequency, etc. The measured static displacement, amplitude, 
frequency, etc., can then be related With an object that is to be 
measured and that interacts With the cantilever, and With 
signals used to stimulate the object and/ or the cantilever. 
NoW, the technique described above is practical When the 

displacement/ movement of individual elements/ cantilevers is 
to be measured. HoWever, many practical uses of micro- and 
nanomechanical element measurement systems requires of 
the use of microarrays comprising a plurality of cantilevers 
arranged in an array and operating in parallel, thus providing 
for higher speed and multifunctionality. Although the optical 
beam de?ection technique as outlined above can resolve 
de?ections so small as 0.1 nm, implementation of this tech 
nique for readout in microcantilever arrays has proved to be a 
complex issue. So far, arrays of light sources have been used, 
said sources having the same pitch as the cantilever array. The 
light sources are sWitched on and off individually, for indi 
vidual illumination of each cantilever of the array, and for 
sequential readout of the de?ection of each cantilever by a 
continuous position sensing detector (also called position 
sensitive detector). This kind of systems is disclosed in, for 
example: 

H. P. Lang, et al., Applied Physics Letters, Volume 72, 
Number 3, 19 Jan. 1998, pp. 383-385, “Sequential Position 
Readout from Arrays of Micromechanical Cantilever Sen 
sors” 
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However, this requires the use of sophisticated technology 
and precise alignment of the light beams, the microcantile 
vers and the photodetectors. Moreover, one light beam array 
Will only be suitable for microcantilever arrays having the 
same pitch (distance betWeen subsequent cantilevers). 

DESCRIPTION OF THE INVENTION 

One aspect of the invention relates to a system for detecting 
the de?ection, deviation or displacement, and its time varia 
tion, of a plurality of elements (such as micro- or nanome 
chanical elements, for example, micro- or nanomechanical 
cantilevers clamped at one or both ends, elastic membranes, 
etc.) (or, at least, of parts of said elements, such as the dis 
placement of an end of a cantilever due to the de?ection 
thereof forming part of an array, said system comprising: 

a light source (for example, a laser light source for emitting 
visible, ultraviolet or infrared light) arranged to emit a light 
beam toWards the array (in order that said light beam be 
re?ected upon incidence of the light beam on at least one 
element of said array ifor example, on the end of a cantilever 
elementi, in order that said light beam be re?ected by said 
element in a direction or manner determined by the de?ection 
or displacement of said element or of the relevant part of the 
element); and 

an optical position detector (basically, any kind of detector 
suitable for non-contact position sensing using optical sen 
sors, such as a continuous position sensing detector or a 
segmented position sensing detectorisuch as a quadrant 
position sensing detectori; for example, a photodector 
arrangement can be used that comprises an array of photo 
dectors each having a siZe of the same order or smaller than 
the cross section of the laser beam; a large number of suitable 
devices are commercially available) arranged to receive the 
light beam upon re?ection of said light beam by said array, 
said position detector being arranged to provide a ?rst output 
indicative of a position of incidence of the re?ected light 
beam on said position detector, Whereby said position of 
incidence is determined by or related to the displacement of 
the corresponding element (or part of the element). 

According to the invention, the system further comprises: 
scanning means for displacing the light beam along the 

array so that the light beam is sequentially re?ected by the 
individual elements along said array (by one element at a time 
or by a group comprising several elements), toWards the posi 
tion detector; and 

re?ection detecting means for detecting When the light 
beam is re?ected by an element (or When there is a “maxi 
mum” re?ection by one element and the adjacent elements). 

The system is arranged so that When the re?ection detect 
ing means detect that the light beam is re?ected by an element 
(or by a part of the element), the corresponding ?rst output is 
taken as an indication of the de?ection or displacement of said 
(part of said) element (that is, the position of incidence of the 
light beam on the position detector, for example, along a 
certain axis, is taken as a value representing the displacement 
of the element). 

In this manner, one single laser light source can be used for 
sequentially measuring the displacement of all of the ele 
ments of the array, and it can be used for arrays having 
different pitches, Without using complex alignment methods 
and devices. During displacement, the light beam is sequen 
tially re?ected by one or more of the elements; if the diameter 
of the beam is smaller than the distance betWeen the elements, 
it Will be easy to associate the different elements With the 
output from the position detector (there Will be clear “inter 
ruptions” in the output from the position detector, as there Will 
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4 
be no re?ected light beam toWards said detector When the 
light beam is directed to a space betWeen tWo elements). 
HoWever, the diameter of the light beam can be larger than the 
separation betWeen the elements, and several elements may 
be illuminated at the same time. In this case, the individual 
de?ection or displacement of each element/ cantilever can be 
deduced using arrays of photodetectors as the position detec 
tor; from the re?ection pattern, the individual displacements 
can be deduced. 
The re?ection detecting means can comprise: 
means for detecting an intensity of light received by said 

position detector; and 
means for detecting variations (for example, peaks) in said 

intensity; 
Whereby the system can be arranged to interpret said varia 

tions so as to determine When said intensity corresponds to a 
re?ection of the light beam by an element. 

If the means for detecting variations in said intensity are 
arranged for detecting peaks in said intensity, the system can 
being arranged to interpret detection of a peak of said inten 
sity as a detection of re?ection of the light beam by an element 
(this is maybe the most practical approach, as a peak in the 
intensity Will normally be obtained When a maximum portion 
of the laser beam is re?ected by the element). 
The system can further comprise data processing means for 

associating the ?rst outputs With speci?c elements along the 
array, in accordance With the variations detected in said inten 
sity. That is, for example, during a scanning movement of the 
beam along the array, the ?rst detected peak can be consid 
ered to correspond to re?ection on the ?rst element of the 
array, and the ?rst output signal Will then correspond to the 
de?ection or displacement of said element (or part of said 
element). 

In What regards the scanning means, they may comprise: 
means for carrying out a ?rst continuous scan (or a ?rst 

series of continuous scans) of the array by continuously dis 
placing the light beam along said array, by moving at least one 
scan element (such as a mirror or the laser light source itself) 
from a ?rst to a second position in order that the light beam, 
during movement of said scan element from said ?rst to said 
second position, be sequentially re?ected by the individual 
elements along said array; 
means for recording selected positions of said scan element 

during said ?rst scanning, said selected positions correspond 
ing to positions in Which re?ections are detected by the re?ec 
tion detecting means (for examples, by detection of peaks in 
the intensity of light registered by the detector); and 
means for carrying out subsequent scans of the microcan 

tilever array by displacing the scan element stepWise from 
one selected position to a subsequent selected position. Of 
course, the expression “stepWise” should be interpreted 
broadly and it should not be interpreted to mean that the scan 
element has to “jump” “directly” from one selected position 
to a subsequent selected position; basically, instead of jump 
ing “directly” from one selected position to the next selected 
position, it can move continuously or almost continuously, 
but With a higher velocity When it is far aWay from a selected 
position and With a loWer velocity When it is close to and/or in 
the selected position; the important issue is that the scan 
element should “spend proportionally more time” in and/or 
around the selected positions, than betWeen the selected posi 
tions. For a practical implementation, one Will choose an 
approach giving reasonably good results and ef?cient use of 
scanning time, While not requiring excessively sophisticated 
and/or expensive arrangements for displacing the scan ele 
ment. That is, for example, the scan element can move rapidly 
over positions in Which there is no re?ection, and sloWly over 
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positions Where there is a re?ection of the light beam by an 
element of the array (for example, When the detected intensity 
is above a certain threshold). 

That is, the ?rst or a plurality of ?rst continuous scans are 
used for determining Which positions of the scan element are 
the ones that give rise to (maximal) re?ection of the light 
beam by the element. This information is recorded and used 
during subsequent scans, so that said subsequent scans can be 
made stepWise, thus saving time (the laser beam “spends less 
time” at positions in Which there is no re?ection) and alloWing 
more averaged information to be obtained in positions Where 
the elements of the array are illuminated. 

The position detector can be, for example, a photodetector 
array or a continuous position sensing detector (also called 
position sensitive detector). 

The light source can be arranged to provide a light beam 
having a diameter smaller than a distance betWeen subse 
quent elements of the array. 

Another aspect of the invention relates to a method for 
detecting the de?ection, deviation or displacement of a plu 
rality of elements (or, at least, of parts of said elements) 
forming part of an array, especially for detecting the de?ec 
tion or displacement of a plurality of micro- or nanomechani 
cal elements forming part of such array. The method com 
prises the steps of: 

directing a light beam toWards the array; 
receiving, using an optical position detector, the light beam 

upon re?ection of said light beam by said array, and providing 
a ?rst output from said position detector, said ?rst output 
being indicative of a position of incidence of the re?ected 
light beam on said position detector, Whereby said position of 
incidence is determined by the de?ection or displacement of 
the corresponding element. 

According to the invention, the method further comprises 
the steps of: 

displacing or scanning the light beam along the array so 
that the light beam is sequentially re?ected, by the individual 
elements along said array, toWards the position detector; 

detecting When the light beam is re?ected by an element; 
and 
When detecting that the light beam is re?ected by an ele 

ment, taking the corresponding ?rst output as an indication of 
the de?ection or displacement of said element. 

The step of detecting When the light beam is re?ected by an 
element can comprise the steps of: 

detecting an intensity of light received by said position 
detector; 

detecting variations in said intensity; 
interpreting said variations so as to determine When said 

intensity corresponds to a re?ection of the light beam by an 
element. 

If so, the step of detecting variations in said intensity can 
comprise the step of detecting peaks in said intensity; and 

the step of interpreting said variations can comprise the 
step of determining, upon detection of a peak of said intensity, 
that said peak corresponds to a re?ection of the light beam by 
an element. 

The method can further comprise the step of associating, 
using data processing means, the ?rst outputs With speci?c 
elements along the array, in accordance With the variations 
detected in the intensity of the light beam received by the 
position detector. 
On the other hand, the step of scanning the light beam can 

comprise the steps of: 
carrying out a ?rst continuous scan of the array by continu 

ously displacing the light beam along said array, by moving at 
least one scan element from a ?rst to a second position in 
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6 
order that the light beam, during movement of said scan 
element from said ?rst to said second position, be sequen 
tially re?ected by the individual elements along said array; 

recording selected positions of said scan element during 
said ?rst scanning, said selected positions corresponding to 
positions in Which re?ections of the light beam, by the respec 
tive elements, are detected; 

carrying out subsequent scans of the array by displacing 
the scan element stepWise from one selected position to a 
subsequent selected position. (The term “stepWise” should be 
interpreted in a broad sense, as outlined above). 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates a prior art arrangement for 
measuring displacement of the end of a microcantilever, 
using the optical beam de?ection technique. 

FIG. 2 schematically illustrates an arrangement according 
to a preferred embodiment of the invention (some of the 
elements can be substantially identical to elements used in the 
prior art arrangement of FIG. 1, and for these the same refer 
ence numerals are used). 

FIG. 3 schematically illustrates relevant functional mod 
ules of the arrangement illustrated in FIG. 3. 

FIG. 4 is a graph shoWing measurements on cantilever 
bending due to temperature changes, carried out using an 
embodiment of the invention. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

FIG. 2 shoWs an arrangement suitable for detection of the 
individual de?ection of a plurality of micro- (or nano-) can 
tilevers 1, arranged to form an array 2 of such microcantile 
vers. As in the prior art arrangement, for measuring the 
de?ection, a light beam 4 is generated by a laser light source 
3 and projected (When necessary, using conventional proj ec 
tion means such as one or more mirrors 9, lenses, etc.), onto 
the array 2, in order to be re?ected, by one or more of the 
microcantilevers 1, onto a sensitive surface of an optical 
position detector 5, that is, onto a detector, such as a photo 
detector array, a continuous position sensing detector, CCD, 
or similar, Which is arranged to provide a ?rst output 51 signal 
indicative of a position of incidence of the re?ected light 
beam on said position detector, Whereby said position of 
incidence is determined by the de?ection of the microcanti 
lever 1. In this case, With the arrangement as illustrated in 
FIG. 2 and as the microcantilever is arranged to oscillate in 
the direction of the Z-axis of the co-ordinate system illustrated 
in FIG. 2, the ?rst output depends on Where the re?ected light 
beam hits the sensitive surface of the position detector, along 
the Z-axis. Thus, the position detector may comprise an array 
or matrix of photodetectors arranged so as to provide a ?rst 
output signal 51 proportional to the position, along the Z-axis, 
of incidence of the light beam. 
On the other hand, the system comprises scanning means 7 

(only schematically illustrated in FIG. 2), for example, 
including a mirror arranged to pivot in a controlled manner 
around an axis (for example, an axis in the Z-direction of FIG. 
2), a mirror arrangement including a mirror device linearly 
displaceable along the x-axis, or means for displacing the 
laser light source 3 itself along the x-axis, Whereby said 
scanning means can be implemented using microelectrome 
chanical elements (the design of a suitable scanning means is 
a task that can easily be performed by the skilled person, Who 
Will choose a suitable system using the most appropriate 
design in vieW of the speci?c application, for example, in 
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vieW of the requirements as to cost and performance). In any 
case, the scanning means 7 are arranged for displacing the 
light beam 4 along the array 2 (in FIG. 2, moving in the 
direction of the x-axis) so that the light beam is sequentially 
re?ected, by the individual elements 1 along said array 2, 
toWards the position detector 5, as illustrated in FIG. 2. 

The position detector receives the light beam and, in addi 
tion to the ?rst output 51 (indicative of the position of inci 
dence along the Z-axis), it also provide a second output 52, 
consisting in a signal having a value that is a function of the 
intensity of the light received by the position detector (for 
example, proportional to said intensity). Both the ?rst output 
51 and the second output 52 are sampled using a analogue/ 
digital card 8 providing digital signals corresponding to the 
?rst 51 and second 52 outputs; said digital signals are for 
Warded to an electronic data processing system 10, shoWn in 
more detail in FIG. 3. NoW, as shoWn in FIG. 2, the data 
processing system 10 is provided With information corre 
sponding to the second output 52; this signal is schematically 
illustrated in FIG. 2, shoWing a diagramA having a ?rst axis 
A1 corresponding to the time of a period of scanning, and a 
second axis A2 corresponding to the value of the intensity of 
the light measured by the position detector (that is, to the 
second output 52). As illustrated in diagram A of FIG. 2, the 
intensity varies in time; the peaks correspond (at least, 
approximately. as discussed beloW) to the moments When the 
light beam is centred onto one of the cantilevers 1, that is, to 
the moments When a maximum of light is re?ected toWards 
the position detector 5. On the other hand, diagram B has a 
time axis B1 and a second axis B2 corresponding to the 
position of the light beam along the x-axis during scan (this 
information can be achieved by an input signal from the 
scanning means 7, indicative of the position of a scan element 
such as a mirror for deviating the light beam, or similar). 

Thus, comparing diagramsA and B is canbe observed hoW, 
during scanning of the light beam along the x-axis, there are 
a number of peaks in the intensity of the light received by the 
position detector 5. The system is arranged so that When a 
peak is detected, the value of the corresponding ?rst output 51 
signal (Which, for example, corresponds to the point of inci 
dence of the re?ected light beam on the position detector, 
along the Z-axis) is taken as an indication of the de?ection of 
said element. 

In practice, there are several methods for associating a peak 
With a value of de?ection to be measured by reading the 
position of the incidence of the light-beam on the position 
detector; for example, We have the so-called maxima, ?xed 
and average methods. 

In the so -called maxima method, the de?ection is measured 
(the ?rst output is read and taken as an indication of the 
de?ection) for the laser source position at Which the intensity 
of the light detected by the position detector is at the maxi 
mum of the peak. 

In the so-called ?xed method, a ?xed laser source position 
is speci?ed corresponding to the intensity peak, and the 
de?ection of the microcantilever by read-out from the posi 
tion detector is made at said ?xed laser source position (Which 
not necessarily corresponds to the maximum of the intensity 
of the light received by the detector). This method is useful in 
the case of there being several peaks from a single microcan 
tilever, for example, due to interference processes. For 
instance, depending on the laser beam siZe, tWo intensity 
peaks can be obtained corresponding to the edges of the 
microcantilever, and a small valley betWeen them corre 
sponding to the centre. Thus, it can be that the maximum 
intensity does not correspond to a moment When the light is 
hitting the “centre” of the cantilever; the ?xed method can 
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8 
thus be useful for making sure that the read-out of the position 
correspond to the moment When the light hits (approxi 
mately) the centre of the cantilever. 
The so-called average method can also avoid the problems 

of multiple peaks and enhances the signal-to-noise ratio. This 
method performs an average of the de?ection signal over all 
the intensity values higher than the de?ned threshold, corre 
sponding to the selected Width of each peak. In other Words, 
the intensity values, corresponding to the laser source posi 
tions along the “Width” of the peak, are used as a Weight 
function, in order to average the microcantilever de?ection. 
The process is schematically illustrated in FIG. 3, shoWing 

hoW the position detector is providing the ?rst and second 
outputs to the electronic data processing system 10 compris 
ing re?ection detecting means 11. The second output is 
received at a module 111 of said re?ection detecting means 
11, said module 111 being arranged for detecting the intensity 
of light received by said position detector (this intensity can 
correspond to the level of the second output 52 signal). Elec 
tronic data processing means 112 are provided for detecting 
variations in said intensity, especially for detecting the peaks. 
The system is arranged to interpret saidpeaks as a detection of 
re?ection of the light beam by an element. Thus, When mod 
ule 112 detects a peak, it triggers a sampling module 13 Which 
takes the current value of the ?rst output 51 signal as a value 
of the deviation of the cantilever 1 at this speci?c moment. 
A further data processing means 12 is arranged, inter alia 

for associating the subsequent samples of the ?rst outputs 
With speci?c cantilevers 1 along the array, in accordance With 
the variations detected in said intensity and in co-ordination 
With the scanning means. 
As all the relevant signals can be fed to the electronic data 

processing system 10, sophisticated algorithms can be used 
for signal interpretation and for scanning. 

FIG. 3 also schematically illustrates the scanning means 7 
comprising means 71 for carrying out a ?rst continuous scan 
ning of the array by continuously displacing the light beam 4 
along said array, by moving at least one scan element 72 (such 
as a pivoting or linearly displaceable mirror or the laser light 
source itself) from a ?rst to a second position in order that the 
light beam, during movement of said scan element 72 from 
said ?rst to said second position, be sequentially re?ected by 
the individual elements 1 along said array 2. The scanning 
means further comprise means 73 for recording selectedposi 
tions of said scan element (each position corresponding to a 
speci?c point of the B2-axis of diagram 2 of FIG. 2) during 
said ?rst scanning, said selected positions corresponding to 
positions in Which re?ections are detected by the re?ection 
detecting means (for example, to peaks in the intensity, as 
explained above). Finally, there are provided means 74 for 
carrying out subsequent scans of the microcantilever array by 
displacing the scan element 72 stepWise from one selected 
position to a subsequent selected position, in accordance With 
the recorded data. 
The invention has proved to be practical to use for measur 

ing the individual de?ection of microcantilevers of a micro 
cantilever array. The folloWing is an example of hoW the 
invention has been put into practice for measuring de?ections 
of a microcantilever array composed of three silicon micro 
cantilevers, separated from each other by a distance of 250 
pm. The cantilevers Were each 200 um long, 50 um Wide, and 
1 pm thick. In this particular application, the de?ection of the 
microcantilevers Was related to the local temperature, based 
on the principle of the bimetallic effect: the top side of each 
microcantilever Was coated With a 20 nm thick gold layer, 
Whereby temperature variations near the microcantilevers 
produced their bending due to the different expansion coef 
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?cients of the gold layer and the silicon. For instance, an 
increase of the local temperature produces a higher expansion 
of the goldWith respect to the silicon, producing a doWnWards 
de?ection of the microcantilevers, conversely a temperature 
decrease produces an upWards de?ection. To test this prin 
ciple, a Peltier cell located close to the array Was employed for 
heating and cooling of the microcantilevers. The temperature 
Was measured via a thermistor near the array and a tempera 
ture controller Was included for external control of the tem 
perature. 

The detection of the microcantilever bending Was carried 
out With the optical beam de?ection method outlined above, 
in Which the laser beam from a laser diode Was focused at the 
end of the microcantilever by using a lens; the laser beam 
re?ected off the microcantilevers Was collected into a posi 
tion detector. The scanning of the incident laser beam onto the 
array Was performed by displacing the laser diode source With 
a voice-coil-based system (namely, the V-l06.2S voice-coil 
scanning system commercialized by Physik lnstrumente (Pl) 
GmbH & Co. KG). Of course, other scanning systems based 
on motorised micro-positioning stages and pieZoelectric sys 
tems could also used. 

The scanning system displaced the incident laser beam 
along the array of microcantilevers. The experimental set-up 
Was similar to that of FIG. 2. The signals from the position 
sensing photodetector Were connected to the analogue/ digital 
card for processing by softWare and visualisation in real-time 
With a PC. Similarly, the scanning Was controlled by soft 
Ware. 

The data acquisition system Was continuously measuring 
the output signals from the position detector (namely, inten 
sity of the light and the position of incidence), as Well as the 
associated position of the scanning laser source. 

Firstly, an initial quick (in the order of mm/ s) x-scan of the 
laser source Was performed, covering the entire Width of the 
array. As already explained above, When the laser beam hits a 
microcantilever of the array, a signi?cant increase of the light 
intensity is detected in the photodetector. Thus, after the ?rst 
quick scan, the light intensity as a function of the laser source 
position Was obtained. Intensity peaks Were obtained for laser 
source positions at Which the laser beam hit the ends of the 
microcantilevers. Following scans Were performed more 
sloWly at the laser source positions Where re?ection above the 
thresholds Was detected (this improves the signal-to-noise 
ration and it optimises the time for laser travelling). The 
de?ection of the corresponding microcantilever Was mea 
sured by reading the signal of the Z-position of the re?ected 
laser beam onto the position detector, When the laser Was 
hitting the microcantilever surface. 

This Was determined arbitrarily by de?ning a threshold 
value of the intensity. Intensities higher than the threshold 
Were considered to imply that the laser Was hitting the micro 
cantilever, at least partly. Thus each intensity peak above the 
threshold Was considered to correspond to a laser source 
position Where the laser beam hit a microcantilever (hence, 
higher intensity threshold Would mean narroWer intensity 
peaks). 

The de?ection of each microcantilever could be deter 
mined using any of the three methods (that is, the maxima, 
?xed and average methods) outlined above (in the example 
given, the average method Was used). 

FIG. 4 is a graph shoWing the bending of three cantilevers 
(silicon+gold) due to the heating of the array (doWnWard 
de?ection, corresponding to period I of the graph) and the 
folloWing cooling (upWard de?ection, corresponding to 
period 11 of the graph). Each curve corresponds to one of the 
cantilevers. 
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10 
Throughout the description and claims of the speci?cation, 

the Word “comprise” and variations of the Word, such as 
“comprising”, is not intended to exclude other additives, 
components, integers or steps. 
The invention claimed is: 
1. A system for detecting the displacement, of a plurality of 

elements forming part of an array, said system comprising: a 
light source arranged to emit a light beam toWards the array; 
an optical position detector arranged to receive the light beam 
upon re?ection of said light beam by said array, said position 
detector being arranged to provide a ?rst output indicative of 
a position of incidence of the re?ected light beam on said 
position detector, Whereby said position of incidence is deter 
mined by the displacement of the corresponding element, 
scanning means for displacing the light beam along the array 
so that the light beam is sequentially re?ected, by the indi 
vidual elements along said array, toWards the position detec 
tor; and re?ection detecting means for detecting When the 
light beam is re?ected by an element; the system being 
arranged so that When the re?ection detecting means detect 
that the light beam is re?ected by an element, the correspond 
ing ?rst output is taken as an indication of the displacement of 
said element, Wherein the scanning means comprise: means 
for carrying out a ?rst continuous scan of the array by con 
tinuously displacing the light beam along said array, by mov 
ing at least one scan element from a ?rst to a second position 
in order that the light beam, during movement of said scan 
element from said ?rst to said second position, be sequen 
tially re?ected by the individual elements along said array; 
means for recording selected positions of said scan element 
during said ?rst scan, said selected positions corresponding to 
positions in Which re?ections are detected by the re?ection 
detecting means; means for carrying out subsequent scans of 
the array by displacing the scan element stepWise from one 
selected position to a subsequent selected position. 

2. A system according to claim 1, Wherein the re?ection 
detecting means comprise: means for detecting an intensity of 
light received by said position detector; and means for detect 
ing variations in said intensity; the system being arranged to 
interpret said variations so as to determine When said intensity 
corresponds to a re?ection of the light beam by an element. 

3. A system according to claim 2, Wherein said means for 
detecting variations in said intensity are arranged for detect 
ing peaks in said intensity; the system being arranged to 
interpret detection of a peak of said intensity as a detection of 
re?ection of the light beam by an element. 

4. A system according to claim 2, further comprising data 
processing means for associating the ?rst outputs With spe 
ci?c elements along the array, in accordance With the varia 
tions detected in said intensity. 

5. System according to claim 1, Wherein the position detec 
tor is a photodetector array. 

6. System according to claim 1, Wherein the position detec 
tor is a continuous position sensing detector. 

7. System according to claim 1, Wherein the light source is 
a laser light source. 

8. System according to claim 1, Wherein the light source is 
arranged to provide a light beam having a diameter smaller 
than a distance betWeen subsequent elements of the array. 

9. System according to claim 1, Wherein the elements are 
micro- or nanomechanical elements. 

10. System according to claim 9, Wherein the elements are 
cantilevers. 

11. A method for detecting the displacement, of a plurality 
of elements forming part of an array, especially for detecting 
the displacement of a plurality of micro-or nano-mechanical 
elements forming part of such array, said method comprising 



US 7,646,494 B2 
11 

the steps of: directing a light beam towards the array; receiv 
ing, using an optical position detector, the light beam upon 
re?ection of said light beam by said array, and providing a 
?rst output from said position detector, said ?rst output being 
indicative of a position of incidence of the re?ected light 
beam on said position detector, Whereby said position of 
incidence is determined by the displacement of the corre 
sponding element, scanning the light beam along the array so 
that the light beam is sequentially re?ected, by the individual 
elements along said array, toWards the position detector; 
detecting When the light beam is re?ected by an element; 
When detecting that the light beam is re?ected by an element, 
taking the corresponding ?rst output as an indication of the 
displacement of said element, Wherein the step of scanning 
the light beam comprise the steps of carrying out a ?rst 
continuous scan of the array by continuously displacing the 
light beam along said array, by moving at least one scan 
element from a ?rst to a second position in order that the light 
beam, during movement of said scan element from said ?rst to 
said second position, be sequentially re?ected by the indi 
vidual elements along said array; recording selectedpositions 
of said scan element during said ?rst scan, said selected 
positions corresponding to positions in Which re?ections of 
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the light beam, by the element, are detected; carrying out 
subsequent scans of the array by displacing the scan element 
stepWise from one selected position to a subsequent selected 
position. 

12.Amethod according to claim 11, Wherein step of detect 
ing When the light beam is re?ected by an element comprises 
the steps of: detecting an intensity of light received by said 
position detector; detecting variations in said intensity; inter 
preting said variations so as to determine When said intensity 
corresponds to a re?ection of the light beam by an element. 

13. A method according to claim 12, Wherein the step of 
detecting variations in said intensity comprises the step of 
detecting peaks in said intensity; and the step of interpreting 
said variations comprises the step determining, upon detec 
tion of a peak of said intensity, that said peak corresponds to 
a re?ection of the light beam by an element. 

14. A method according to claim 12, further comprising the 
step of associating, using data processing means, the ?rst 
outputs With speci?c elements along the array, in accordance 
With the variations detected in the intensity of the light beam 
received by the position detector. 

* * * * * 


