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Abstract. During the last decade, great advances have been made concerning the construction and manip-
ulation of nanostructures. As a consequence, nanometer stability and control of the sample position have
became crucial points. For this purpose, we have built an optical microscope with high mechanic stability
and we have implemented a feedback system in order to compensate thermal drifts. We demonstrate the
system stability to be within one nanometer, with a control on the sample position of some micrometers,
along the three spatial directions. The sample can be manipulated optically by means of a multiple optical
tweezers setup and its displacements measured with a 3D position detector. We discuss and characterize
the system properties thoroughly. We finally test the apparatus on a bio-molecular system constituted by
a single myosin motor interacting with an actin filament.

PACS. 07.05.Dz Control systems – 87.80.Cc Optical trapping – 82.37.Rs Single molecule manipulation
of proteins and other biological molecules

1 Introduction

Visualization and manipulation of particles with dimen-
sions on the nanometer scale rely on recently developed
techniques, mainly scanning probe microscopes [1] and
advanced optical microscopes and tweezers [2]. Although
conventional optical and fluorescence microscopy are lim-
ited by light diffraction, which for visible light is about
λ/2 � 250 nm [3], in recent years a lot of techniques have
overcome the diffraction limit. Among these, particle lo-
calization and tracking techniques can achieve a precision
greater by one or two orders of magnitude with respect
to the resolution of a conventional optical microscope [4],
reaching the nanometer resolution. The high precision of
these techniques allowed single biomolecule studies such as
the molecular motions on living cell surfaces [5], individual
protein in solution [6] and in cells [7], and the interaction
of Lac-repressor with a single DNA molecule [8]. More-
over, new concepts in microscopy have emerged that have
overcome the diffraction barrier. Its first exponent is the
stimulated emission depletion microscopy, which has so
far displayed a resolution down to 28 nm [9]. Furthermore,
the integration of optical tweezers within conventional mi-
croscopes has allowed manipulating particles with dimen-
sions ranging from some nanometers to some microns and
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measuring forces and displacements respectively from
fractions of piconewton to hundreds of piconewton and
from fractions of nanometer to hundreds of nanometers [2].
Due to the range of forces and displacements exerted, opti-
cal tweezers have been largely used in single bio-molecules
experiments [10]. Other applications have included fabri-
cation and shaping of nano and micro structures through
optical scalpels and scissors [11,12] or spatially resolved
photochemistry [13] and their precise positioning and fix-
ation [14–16]. All these new techniques have brought the
need of nanometer stabilization and position control of
optical microscopes and optical tweezers. The approaches
used so far to solve this question have been both to build
structures with high stability or to modify commercial op-
tical microscopes, in order to obtain an increased mechan-
ical stability. In any case, the apparatus must be isolated
as well as possible from external mechanic, acoustic and
thermal noise. In reference [17], the microscope body was
extensively modified and situated on an optical air ta-
ble, inside a temperature-controlled, sound-proofed clean
room, reducing the drift of the system to 0.5 nm/min. The
disadvantage of such an approach is that the operation of
the system has to be performed with remote control out-
side the room that contains the microscope. Recently, a
new approach to the problem has been adopted in order
to study the binding sites of myosin molecules on actin
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filaments [18]; in that experiment, a commercial micro-
scope has been used together with a feedback system ca-
pable of compensating thermal drifts by servo-controlling
the position of a 1.5 µm diameter bead fixed to the micro-
scope slide, obtaining an RMS noise of about one nanome-
ter along the x and y axes, and of 5 nm along the z axis.

Here, we have built a custom mechanical structure
with increased mechanical stability and we have integrated
the custom microscope with a feedback system capable of
compensating thermal drifts. The working principle of the
feedback system is simple and similar to that reported in
reference [18], but with two major changes: 1) a filter is ap-
plied to the bead image, which together with the high me-
chanic stability of the microscope, reduces the RMS noise
of the system below 1 nm along the three spatial direc-
tions; 2) the system is capable of controlling the sample
position for a range of some micrometers, while still main-
taining sub-nanometer stability.

In this paper, the main effort is devoted to give a com-
plete characterization of the system, to describe the meth-
ods and techniques used to compensate thermal drifts
and to reduce the noise components of the apparatus.
The method used to derive the position of the fixed bead
along the three spatial directions is described along with
the feedback system and the position control procedure.
The feedback system has been calibrated and character-
ized and the noise components throughly analyzed. We
have finally tested the apparatus on a bio-molecular sys-
tem constituted by a single myosin motor interacting with
an actin filament, demonstrating both the stability and
the position control capabilities of the system.

2 The experimental apparatus

The experimental apparatus was built around a custom
made mechanical structure. A custom structure was used
to obtain high mechanical stability and to make use of
optics specifically designed for the optical tweezers (in-
frared laser). The mechanical structure is made of ER-
GAL (Erbium, Gallium, Aluminium) and is composed by
three 250 × 250 × 30 mm platforms held by four stain-
less steel columns 25 mm diameter, 500 mm high (see
Fig. 1). The optical axis of the microscope coincides with
the center of the platforms; for this reason, the center
of the platforms has been bored to allow the passage of
the light. The lower platform serves as a basis for the
whole microscope. On the middle platform, two manual
translators (M-014 Physik Instrumente) allow gross move-
ments of the sample in the xy plane (25 mm of excur-
sion in each direction), while a piezoelectric translator
(P-527.2CL Physik Instrumente), mechanically coupled to
the manual ones by means of a horizontal ERGAL plat-
form, allows fine movements (200 µm of excursion, 1 nm
minimum displacement). The objective (Nikon Plan-Apo
60X, N.A. 1.20, W.D. 0.2 mm, water immersion) is po-
sitioned along the optical axis by means of two orthog-
onal ERGAL brackets fixed at the middle platform and
sits over a piezoelectric translator for z movements (P-
721.20 Physik Instrumente, 100 µm of excursion, 1 nm

Fig. 1. The mechanical structure that constitutes the optical
microscope.

minimum displacement). The higher platform serves as
a basis for the detection system and the support struc-
ture of the condenser. The condenser (Olympus U-AAC,
Aplanat, Achromat, 1.4 NA, oil immersion) is mounted
on a support which can be translated vertically to lift
it when the sample needs to be positioned or removed
(Fig. 1 shows the configuration with the condenser in the
upper position). By adjusting five screws, the condenser
can also be finely translated along the z direction in order
to be properly focused and along the xy plane in order to
be properly centered along the optical axis. A schematic
drawing of the experimental apparatus is depicted in Fig-
ure 2. The optical microscope is supplied with a CCD for
wide field magnification (CCD 200X, Hamamatsu C3077),
a CCD for high magnification (CCD 2000X, Ganz ZC-
F11C3) and an intensified CCD (Hamamatsu C2400) for
fluorescence microscopy. The image coming from the high
magnification camera is acquired by a digitalizing board
mounted on the PC, and is used by the feedback sys-
tem (as explained in Sect. 4). A halogen lamp (Schott
KL1500LCD, 150 W) supplies illumination for bright field
microscopy, while a laser beam coming from a Nd:YAG
duplicated laser, emitting at 532 nm (VERDI, Coher-
ent, Verdi V-10), supplies illumination for fluorescence
microscopy. A double optical tweezers setup is integrated
within the microscope; this is obtained by splitting the
beam coming from a Nd:YAG laser (Spectra-Physics Mil-
lennia IR, λ = 1064 nm) into two beams with orthogonal
polarizations. A double acousto-optic modulator (AOM,
A&A DTS-XY 250) placed in the path of one of the two
beams provides fine movements of one trap within the
sample (0.1 nm minimum displacement), while a quad-
rant detector photodiode (QDP, UDT DLS-20) placed in
the back focal plane of the condenser provides 3D position
detection of the bead with nanometer resolution [19]. The
detection of one of the two traps is selected by rotating
a polarizer positioned in front of the quadrant detector
photodiode.
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Fig. 2. A schematic drawing of the experimental setup.
OI: Optical isolator, PBS: polarizing beam-splitter cube,
AOM: acousto-optic modulators, QDP: quadrant detector
photodiode.

3 Limiting sources of noise

At the nanometer level, the image produced by the mi-
croscope and the laser trap are affected by various sources
of noise. Acoustic noise usually affects frequencies ranging
from about 10 Hz to some KHz, while mechanical noise
and thermal drifts usually affect lower frequencies. Acous-
tic noise may also be enhanced by resonances of the micro-
scope mechanical structure or of the optics mountings. We
limited mechanical vibrations by mounting the experimen-
tal setup on an optical table equipped with active isolators
(Melles-Griot). The microscope structure was mounted
over three rubber pedestals with honeycomb structure,
which absorbed a fraction of the mechanical oscillations in
the acoustic range of frequencies. In order to avoid addi-
tional mechanical and acoustic noise, we put acoustically
loud devices, in particular those equipped with cooling
fans, outside of the table and we enclosed the appara-
tus in a chamber of plastic panels; the panels can slide
in order to make the apparatus accessible during opera-
tion and to be completely closed during measurements.
The piezoelectric translators are equipped with a capaci-
tive position detector with sub-nanometer resolution and
with electronics (Physik Instrumente E-516.13) providing
a feedback loop that stabilizes the stages position from
piezoelectric hysteresis and thermal drifts. Nevertheless,
the translators feedback does not compensate drifts of the
stages relative to the objective or thermal expansions of
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Fig. 3. The power spectra of the stage position along the z
axis, obtained with three different objectives. Each spectrum
is a mean of 100 spectra obtained from 1 second of acquisi-
tion. A) 40X objective (medium weight). B) 60X objective (the
heaviest). C) 100X objective (the lightest). The lower peak fre-
quency decrease with increasing load on the piezoelectric stage.

the optics, which change the microscope image and the
trap position relative to the sample. Such thermal drifts
are compensated by our feedback system, as explained in
Section 4. We found that the sustain of the objective was
the main source of mechanical noise in the acoustic range
of frequencies (100 Hz–1 kHz). This fact is evidenced by
the power spectra of the position signal coming from the
piezoelectric capacitive sensor. Figure 3 shows the spec-
tra obtained with 40X, 100X and 60X objectives mounted
on the z translator. At least one peak within the noise
spectra at a frequency which varies with the mounted ob-
jective is clearly visible in the figure; the lower peak fre-
quency decreases with the increasing weight of the objec-
tive. The sustain of the objective was initially constituted
by an ERGAL bracket fixed on the middle platform and
a mobile bracket connected to a vertical manual trans-
lator (Physik Instrumente 8290). In order to reduce the
mechanical noise, we have directly fixed the sustain of
the objective on the middle platform. Figure 4 shows the
power spectra after removal of the z manual translator,
evidencing a clear decrease in the noise peaks.

The laser trap is also affected by other sources of noise.
We have found the pointing stability of the laser beam sen-
sibly depending on the air turbulence, and we enhanced it
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Fig. 4. The power spectra of the stage position signal along
the z axis, obtained as in Figure 3, after removal of the z man-
ual translator. A) 40X objective. B) 60X objective. C) 100X
objective. The noise peaks are clearly reduced with respect to
the spectra shown in Figure 3.

by enclosing the laser beam path into plastic tubes. Opti-
cal feedback, due to back-reflections of the beam inside the
laser cavity, causes random amplitude fluctuations in the
laser source. We limited it by placing an optical isolator
in the laser path near the laser source.

4 Compensating thermal drifts

Even if the system has been proved to be mechanically
stable, at the nanometer level thermal drifts in the op-
tics and in the mechanical components of the microscope
may change the image of the sample with time. This could
be a serious problem both for high-resolution microscopy
and for optical tweezers applications. In fact, if the sam-
ple image drifts with time, the trap position relative to
the sample drifts too. In order to probe and correct ther-
mal drifts, we implemented a feedback system based on a
very high-magnification image of a silica bead (1.54 µm
diameter, Bangslabs SS04N/5303) fixed on the coverslide.
Coverslides covered with silica beads were obtained by
spreading 1 µl of beads suspended in a solution of amyl
acetate containing 1% nitrocellulose on the coverslide sur-
face. The working principle of the feedback system is con-
ceptually simple: the image from the high magnification

A B

C D

Fig. 5. Image of a 1.54 µm silica bead projected on the high
magnification camera (A) and the same image after inversion
and application of the threshold filter with b = 90 and z =
0 (B), z = +250 nm (C) and z = −250 nm (D).

camera (2000X) is first acquired by the digitalizing board
on the PC. Then, the bead position along the x, y and z
directions is calculated and, if the position changes with
time, the piezoelectric translators are driven in order to
correct the displacement.

4.1 The 3D centroid algorithm

The field of view of the high magnification camera is about
7 × 5 µm wide, acquired at 768 × 576 pixels, so that the
bead image has a diameter of about 190 pixel. The op-
erator can select a squared region that contains the bead
image and the region image is digitalized at 8 bit of res-
olution. The region image is thus stored into a square
matrix Mi,j whose values range from 0 (black) to 255
(white). When the focal plane of the objective is posi-
tioned slightly above the bead, the bead image appears as
a circle darker than the background, with a darker exter-
nal ring (see Fig. 5A). The digitalized image of the region
that contains the bead is first inverted and processed by a
threshold filter in order to cut off all the background noise
outside the bead:

Iij =
(b − Mij) + |b − Mij |

2
, (1)

where Iij is the inverted and processed image and b is a
constant threshold value ranging from 0 to 255. When b
= 0, Iij ≡ 0 and the threshold filter cuts the whole image
which appears fully black. When b = 255, Iij ≡ 255-Mij

and the image is simply inverted without any filtering.
The b value is set to a value such that the background
surrounding the bead results completely black, while the
bead is still clearly distinguishable (see Fig. 5B). The X
and Y position of the bead center is then obtained from
the image centroid:

X =

∑
ij iIij

∑
ij Iij

; Y =

∑
ij jIij

∑
ij Iij

. (2)
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When the bead moves along the Z direction, the diffrac-
tion rings of the bead image change shape (see Fig. 5 B, C
and D). The ratio between the total intensity of the pixels
located in a region inside the bead and the total intensity
of the pixels located outside that region will be shown to
linearly depend on Z (see Sect. 4.2). The bead Z position
is thus obtained from the ratio between the total intensity
of a 25×25 pixels square centered inside the bead and the
total intensity of the pixels outside that square:

Z =

∑
|i−X|<25;|j−Y |<25 Iij

(∑
ij Iij −

∑
|i−X|<25;|j−Y |<25 Iij

) . (3)

While X and Y are expressed in pixels, Z is adimen-
sional. In order to obtain from the bead position X , Y ,
and Z the real displacements in nanometers, the feedback
system needs to be calibrated, as explained in the next
section. Through the paper we indicate with x, y and z
the displacements of the sample (expressed in nanome-
ters) imposed by the piezo translators, whereas with X ,
Y and Z the displacements of the sample detected from
the bead image through equations (2) and (3), expressed
either in pixels for X and Y and adimensionally for Z, or
in nanometers.

4.2 Calibration of the feedback system

In order to calibrate the feedback system, i.e. in order
to obtain the nm/pixel conversion factors kX , kY , and
the nm conversion factor kZ , the piezoelectric translators
were moved along the x, y and z directions by 1 nm steps,
while X , Y and Z were measured at every step. The stage
stroke has to be fast enough to prevent thermal drifts
from changing the bead position (Sect. 4.3). The X and
Y bead positions (calculated from Eq. (2)) behave lin-
early respectively with the x and y bead displacements,
in the whole range of positions where the bead image re-
mains inside the acquired region (see Fig. 6A and 6B). The
Z value (calculated from Eq. (3)) behaves linearly with the
z bead displacement in a range of about ±700 nm from
the center of the bead (see Fig. 6C). From the inverse of
the slopes of the curves depicted in Figure 6A, B and C,
the conversion factors kX , kY , and kZ for the three direc-
tions were obtained. With our setup we evaluated kX =
9.757±0.005 nm/pixel, kY = 10.012±0.007 nm/pixel, and
kZ = (227.3± 0.2)× 103 nm (errors from linear regression
of data displayed in Fig. 6). While a translator was moved
along the x (y, z) direction, the Y and Z (X and Z, X and
Y ) displacements were also recorded, in order to estimate
the correlation between movements along one direction
and detected movements along the other two directions.
When the stage was moved along the x axis, the Y po-
sition translated proportionally, with a –0.04 slope (see
Fig. 7A). This correlation is probably due to the presence
of a non-zero angle α between the x axis of the piezo-
electric translator and the X axis of the CCD camera.
This is confirmed by the fact that when the stage was
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Fig. 7. (A) Correlation between x stage movements and Y and
Z position detection. (B) Correlation between y stage move-
ments and X and Z position detection. Both curves have been
obtained while moving the piezo translators at constant speed
of 25 nm/s.

moved along the y direction, the X position translated
proportionally with a +0.05 slope, that is consistent with
an angle α=40–50 mrad (see Fig. 7B). Also Z showed a
correlation with x and y displacements of the order of 1%
(see Fig. 7A and Fig. 7B), which can be again explained
by the presence of an angle of about 10 mrad between
the z translator axis and the microscope optical axis. The
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Fig. 8. The bead position error as a function of time. For time
less than 230 s the feedback system is off, for time greater than
230 s the feedback is on (gx = gy = gz = 0.2).

X and Y positions also showed some correlation with z
displacements critically depending on the alignment of the
optics placed along the illumination path. An accurate
alignment is required in order to avoid such an effect.

4.3 Thermal drifts and the feedback system

When started, the feedback system calculates the initial
coordinates of the bead X0, Y0, and Z0. The software thus
enters into a loop where the bead image is acquired, the
bead position X , Y and Z is calculated, and the position
error eX = X − X0, eY = Y − Y0, and eZ = Z − Z0

is derived. The execution velocity of the loop is limited
by the video acquisition rate (25 Hz). The software thus
drives the piezoelectric translators in order to correct the
error. The corrections cX , cY , and cZ (in nm) along the
three axis are

cX = −eXkXgX ; (4)

cY = −eY kY gY ; (5)

cZ = −eZkZgZ , (6)

where gX , gY , and gZ are the gains along the three direc-
tions. When gX = gY = gZ = 0, no correction is imposed
by the feedback system and the bead position shows slow
(usually about 10 nm in 100 s) random fluctuations due
to thermal drifts (see Fig. 8). If gX = gY = gZ = 1, the
feedback system corrects exactly by the same amount of
the error. If the gain is set at a too high value, the system
oscillates at the natural frequency of the system, whereas
if the gain is too low, the correction is insufficient to cor-
rect thermal drifts. We have found the optimal gain to
obtain maximum correction and to avoid auto-oscillations
(see below) to range between 0.2 and 0.6 with our setup,
depending on the halogen light intensity and the image
acquisition board settings. With an optimal gain setting

Fig. 9. Time response of the x feedback error after a 100 nm
step displacement, for different gain values (0.1–0.6). Curves
with 0.1 < gX < 0.3 are fitted by an exponentially decay-
ing function; curves with 0.4 < gX < 0.6 are fitted by a sine
function with an exponential envelope.

we obtained a RMS noise on the bead position of

σx = 0.89 nm; (7)

σy = 0.79 nm; (8)

σz = 0.81 nm. (9)

When the feedback system is up and running, the sample
position can still be changed by changing the initial coor-
dinates of the bead X0, Y0 and Z0. The software is thus
provided with three sliders in order to vary the x, y and
z position of the sample by varying the initial coordinates
as X ′

0 = X0+x/kX , Y ′
0 = Y0+y/kY , Z ′

0 = Z0+z/kZ. The
time response of the feedback system depends on the gain
settings. Figure 9 shows the time response of the X error
after a 100 nm step of the initial position X0, for different
gain gX values. Similar curves are obtained also along the
y and z directions. The response is typical of a second or-
der system [20], with a natural oscillation frequency and
a damping factor which depends on the gain value. For
low gain values (0.1–0.3 in Fig. 9), the system behaves
as overdamped, whereas for high gain values (0.4–0.6 in
Fig. 9), the system behaves as underdamped. The optimal
gain setting corresponds to the critically damped motion,
where no oscillations occur while the system maintains a
fast temporal response (0.3–0.4 in Fig. 9).

The feedback system can be represented as a closed-
loop system with negative feedback. It can be modeled
as a proportional control with a Coulomb friction, in-
dependent of speed but acting in a direction to oppose
motion [20]. The Coulomb friction is present because the
stages cannot produce displacements smaller than 1 nm.
e0

i = 1 nm/kigi (i = X, Y, Z) is the amount of error that
must exist before the piezoelectric translators can develop
sufficient movement to overcome the “frictional force” and
cause the stages to move. The presence of such Coulomb
friction assure that once the gain is set at a small enough
value (so that e0

i is big enough), the oscillations of the sys-
tem are damped out. The advantage of such a system relies
in its simplicity; it does not require any additional output
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Fig. 10. The “three beads assay”. The experimental assay
used to study the interactions between a single myosin molecule
(subfragment-1 extracted from mouse) and an actin filament.

velocity feedback damping in order to damp out oscilla-
tions. On the other hand, the Coulomb friction produces
a dead-zone of width 2e0 about the equilibrium position,
which means that if the system is initially in equilibrium
it will not respond at all to variations unless e > e0.

5 Test on a nanoscopic system

We have tested the apparatus on a single bio-molecule as-
say constituted by a myosin molecule interacting with an
actin filament. Myosin is a motor protein almost ubiqui-
tous in eukaryotic cells and responsible for many cellular
motility processes. In particular, skeletal muscle myosin is
the motor protein which drives muscle contraction. At the
molecular level, force and movement are produced through
cyclic interactions between myosin and actin coupled to
the hydrolysis of ATP. In this process the chemical en-
ergy contained in the ATP molecule is converted into me-
chanical energy [21]. In the experimental assay, a single
actin filament is suspended between two polystyrene beads
(1.1 µm diameter) and presented to a myosin molecule
bound to a glass bead (1.54 µm diameter) attached to a
microscope coverslide [22] (see Fig. 10). The double opti-
cal tweezers hold the two polystyrene beads. Attachment
between the beads and the actin filament is achieved using
neutra-avidinated beads and biotinilated actin. The actin
filament can be finely (sub-nanometer control) stretched
by moving one of the two traps through the acousto-optic
modulators. The glass bead is used as reference for the
feedback system in order to maintain the position between
actin and myosin within one nanometer. In order to mon-
itor the position of the actin filament, we recorded the
position of one of the two polystyrene beads using the
QDP. When there are no interactions between actin and
myosin, the bead position signal is that of a overdamped
harmonic oscillator (due to the presence of the optical
trap and the viscous solution) in a thermal bath (due to
collisions with the molecules of the solution in which the
bead is immersed). When the myosin molecule binds to
actin, a noise reduction is clearly visible in the signal be-
cause of the higher stiffness of the molecule (of the order
of 1 pN/nm) with respect to the optical tweezers (about
0.05 pN/nm, see Fig. 11).“Bound” and “unbound” states
are, therefore, distinguished based on signal variance [23].

The myosin binding probability along the actin fil-
ament depends on the relative position of the two
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noise reduction is clearly visible in the signal.
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Fig. 12. Distribution of bound event sampled at 5 nm steps.
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Fig. 13. Distribution of bound event sampled at 0.5 nm steps.

molecules. In fact, actin is a double helix polymer with
a periodicity of 72 nm; myosin binds specifically to each
actin monomer with a rate that depends on the orientation
of the monomer along the filament [18]. We recorded 100 s
of acto-myosin interactions while the myosin molecule was
displaced 72 nm along the filament axis at constant veloc-
ity, using the position control capabilities of the feedback
system. In this way, we were able to map the binding dis-
tribution along the filament axis (Fig. 12 and Fig. 13).
The distribution of bound events sampled at 5 nm steps
shows that the myosin molecule preferably binds on tar-
get zones spaced about 36 nm (half of the actin periodic-
ity). The distribution of bound events within each target
zone, sampled at 0.5 nm steps, shows that the myosin
molecule binds to specific sites spaced ∼5.6 nm, in corre-
spondence with the actin monomers disposed along the fil-
ament. Such results are in agreement with those reported
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by Steffen et al. [18] and demonstrate the system stabil-
ity and the capabilities of position control. Residual noise,
particularly visible in the 0.5 nm distribution, is mainly
due to the rotational Brownian noise of the actin filament,
which randomizes the monomer orientation presented to
the myosin molecule.

6 Conclusions

In conclusion, we have built an optical microscope with
high mechanic stability over the acoustic range of frequen-
cies and we have developed a feedback system which limits
thermal drifts in the low range of noise frequencies.

We have first analyzed acoustic and mechanic sources
of noise and we have given some prescriptions in order to
reduce such contributions.

Thermal drifts in the system have been monitored by
looking at the position of a bead fixed on the sample sur-
face obtained from a 3D centroid algorithm, which has
been described.

We have developed a calibration procedure to relate
the position of the bead image with the displacement of
the sample.

Finally, we have described and characterized the feed-
back system, which stabilizes the sample position within
one nanometer, and we have described the position con-
trol procedure, which enables movements of the sample
while maintaining nanometer stability.

Such a stability can be maintained for very long pe-
riods of time (virtually without limits), allowing opera-
tion in high resolution microscopy, particle localization
and tracking and single molecule experiments.

Moreover, the capability to manipulate the sample
with a double optical tweezers setup can be utilized in
nanomanipulation applications such as fabrication, posi-
tioning and fixation of nanostructures and single molecule
experiments. A test performed on a single myosin mo-
tor interacting with an actin filament has demonstrated
such capabilities in terms of stability and position con-
trol; in particular, the position of a single myosin molecule
has been controlled with nanometer steps, showing that
myosin binds in specific sites spaced about 5.6 nm along
the actin filament.

A straightforward way of improving the feedback sys-
tem would consist in improving the detection bandwidth.
A bandwidth of the order of some kHz could be useful to
drop off acoustic noise as well as thermal drifts and would
enable investigating fast dynamic system with high preci-
sion. High bandwidths could be obtained either by using
a CCD camera with a high frame rate, or by projecting
the bead image on a quadrant detector photodiode, which
could easily reach acquisition rates up to 10 kHz.
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