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Abstract. A non-contact fiber-optical piezomechanical (F@Bho-micropositioning, manipulating and measuspstem
has been developed and investigated. The systesist®mf a non-contact fiber one optopair reflettsensor with a
semiconductor light source (light diode), a refdetlight receiver with a p-i-n photo diode, an aiffgl of electronic
signals, and a positioning device, the resolutibmioich is 0.5um. The diameter of the fiber sensor measuring head
3 mm and its length is 10 mm. The positioning dev&fixed in front of a mirror. The diameter abéir core is100pum

and the external diameteriI25pm (WF100/110/125P22). Fiber length may reach up0® 2. The FOP system also has

a piezoceramics positioning and manipulating systeith a mirror. The piezoceramics system is fasdete the
positioning device. The dependence of the fibesgerignall on the distanch to the mirror, located on piezoceramics,
has been measured. The obtaiktl characteristic has a peak on two parts of linegreddence of an increasing and
decreasing signal. Sensitivity of theh linear part in front of the peak is higher and &do 1.6725 nW/nm, and that of
the decreasing signal part is 1.388 nW/nm. Thess pan be used for displacement indication andsomeanent.

Keywords: Fiber-optic sensor, nanometric displacement measemg piezoelectric actuator, experiment.

1. Introduction sensitivity are much higher in both regions, sévigt
increases as the angheincreases. There is no reason to
Piezoceramic-piezoelecric actuators are wide used iincrease) more,because that increases the diameter of the
precise positioning systems that demand a highutso  sensor head and decreases sensitivity of the sdosor
such as scanning microscopy, vibration suppressieth, bending losses [5]. Moreover, as shown in Fig. iy,
manipulation, etc. [1]. Optical and fiber-optic sers are increasing the anglé, due to the fact that fiber-optic tips
used for noncontact precise nanometric displacemeigan on the mirror, we lose part of points of theve in
measurements [1, 2]. Interferometric [1] displaceie the domain of smah, where sensitivity is highest.
measurements are cumbersome and expensive. Tleerefor
fiber-optical sensors are superior for this purpfg&e In
this paper, there is a particular interest in theetopment a b
of high sensitivity, nanometric resolution fibensers, and 0000
application of piezoelectric actuators to this atheament,
and vice versa.

Fiber tips

8000 -

7000

2. Fiber-optic sensor S 6000 ]

% 5000

Several configurations of the fiber-optic nonconhtac %4000-
reflection sensors are created for displacement .(%3000

measurement [4]. The fiber-optical sensor typicaiys

two fibers, the active tips of which at the mirrare 20001 mirror
parallel or create the angt (Fig. 1b). The experiment 1000 oo’

results (Fig. 1a) show that sensitivity of thesmrhaving 0 | ymnanpauaiegnnt TRSIERRSSRAtA S nnnen
fiber tips parallel @ =0°) is 3.011 a.ym at the rising part o h' o 200 300 400 500
of the U-h characteristic and 0.734 auni at the Displacement h, pm

decreasing part of the curve. If the active tipshef fibers
create the anglé=27.5°the sensitivity is 98.4 a.wh and Fig. 1 Dgpendences of the sigridla. u. on the distande from
62.9 a.ugm, respectively (Fig. 1a). These values of the fiber tips that create anglé 2
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fiber-optic sensor was measured as the dependehce o

100~
reflected light intensity imW on the distancef fiber tips
901 h from the mirror. This parameter can be easilysfamed
80 to current or voltage [2]. Sensitivities of the sen are
704 AUh=L 1388 WA 1.67uW in the increasing part of the curve and 1u89 in
0 the decreasing one. Those values correspondedgessof
=] 0 U-h characteristic linear parts (see Fig. 2).
5 so-
% 40+ 3. The fiber-optic non-contact piezomechanical
? ] AUH=L6725 WA manipulating and measurement system
20 . . . .
The fiber-optic  non-contact piezomechanical
101 manipulating and measurement system is presented in
0 ——T Fig. 3 and Fig. 4. The system has a translator 377 on

0 /20 40 60 8 100 120 140 160 180 200 220 which the fiber-optic sensor head, mechanical tedios
Displacerrent, um meter (with resolution 0.5m), and piezoceramic actuator
with a holder were fastened. One end of the piezmies
Fig. 2. Dependence of the new sensor signaln the distancé was tightly fastened to the holder and electricablated
to the mirror on piezoceramics. The arrows showctigers of a  from it. The second end of piezoceramics has aomirr
linear part of the sign surface to reflect the light emitted from the fitherad and
Therefore optimal anglé was defined to be 25°. is able to freely move according to voltaygg applied to
We succeeded in creating the sensor with the  the piezoceramics. Applied voltage was generateca by
characteristic fromh=0 um. TheU-h characteristic of the pulse generatol'6-27 (serrated, triangular, rectangular
sensor is represented in Fig. 2. The output sighaf the  pulse) or a stabilized voltage source.
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Fig. 3. The fiber-optic non-contact piezomechanical nancrarpositioning, manipulating and measurementesyst
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A fiber-optic sensor consists of a head, with the
diameter 4 mm and it is 10 mm long. The fiber
WF100/125P22 tips were installed in the head pedgisy
special installation equipment [6] to obtain a nmaxin
output signal.

%

LEEERRER!

A B

ELLE R

133379973k
b js s el o W

b e

Fig. 4. Research stand of piezoceramics response kinetica. 1
fiber-optic nano displacement sensor (the diameft¢he head is
5 mm, it is 10 mm long); 2 - piezoceramics drive; i®lder; 4 -
translator; 5 - mechanic translation measuringae{0,5 um); 6

- measuring device of power of the sensor outpghaj 7 -
transformation block of the sensor feeding sigri# ¥); 8 -
oscilloscope for investigating piezoceramics motioretics

The other ends of fibers were installed in SMA 905

connectors. The photodiode (p-i-n) H22R880IR witle t
compatible connector was applied to light
conversion to electric current. Sensitivity of tdmde is
0.45 A/W, A=850 nm. A compatible emitter H22E4020IR
was applied as a light source the power of whick wl&
dBm when the stabilized current 80 mA was supplidte
sensor output power was also measured by a priisere
radiation meter LP-5025-8 or converted to voltageab
current-voltage converter and displayed on
oscilloscope.

4. Measurement

At first the U-h characteristic of the fiber optic sensor
was measured by the translator 7T173-10, meastiiag
distanceh from the tips of the fibers to the mirror and
simultaneously measuring the output signal of theser
by a precise light power meter. The results arevshm
Fig. 2. In a contact with the mirror no light is ited or
received by the fiber, giving a zero output sigrisd. the
distance of fiber tips to the mirror increasesjrameasing
amount of light is proportionally captured by tleeeiving
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Fig. 6. Oscillograms ofinput (upper curves) and output (lower
curves) signals. The input signal oscillation freqey is 100 Hz

fiber. The result is a very sensitive and lineagnai
(dU/dh=1.673uW/um). As the distance increases

further, the amount of light received approaches th
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maximum. After the maximum has been reached, a

continued increase of the gap will proportionattguce to
the amount of light received. In the decreasingdmpart,
the U-h characteristic sensitivity is lower
(dU/dh=1.139uW/um).
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the translator to obtain the signdl value being at the AndaOpteck for fiber-optic sensors supplied free of

middle point of the linear interval of the curug=45 pWw,

charge, and Skaidula which presented the measutemen

h=42 um). Mirror displacement can be performed by&duipmentand produced fiber pigtails.

applying voltage to piezoceramics. The displacenwnt
the mirror under this voltag¥ can be measured by the
fiber sensor by théJ-h characteristic. The measurement
results are represented in Fig. 5. This figure shavinear
dependence of the mirror in the whole all interesmall
voltage changes. The sensitivity of the displacamen
dh/dUpof piezoceramics-mirror to voltage was determined
(dhy dUp=2520nm/V). Vice versa, we can investigate the

sensitivity of the fiber-optic sensor in a wideeintal of the

distanced. If we have a piezoelectrical ceramic transducef?]

providing the displacement 250 pum at our disposalare

able to obtain theJ-h characteristic of the fiber-optic 3]

sensor by computer. Applying different pulses to
piezoelectrical ceramic transducer, we can invatgig
dynamic characteristics of a piezoelectric transdun a

fixed frequency interval (Fig. 6). [4]

Fig. 6 presents oscillograms of the output sidgsh#hat
were obtained with the input signal 100 Hz of diffet

shapes (a - serrated, b and ¢ — rectangular, idngtilar). [5]

(6]

As we see from Fig. 6¢c, as the frequency is 100thizre
emerges a resonance. It has been establishednttibe i
case of rectangular pulse, the resonance also emexgn
under the frequency of 20, 43, 100, 150 and 950 Hz.

5. Conclusions

The fiber-optic non-contact piezomechanical nano-
micro positioning, manipulating and measurementesys
has been developed.

A new type of a fiber-optic sensor of maximum
sensitivity was designed, prototyped, and invegtidia

The FOP system allows us to investigate the kinetic
of piezoceramic nano-micro positioning and manipota
systems in a non-contact way in the wide interval o
frequency (up to 1 MHz), voltage, and displacement.
Sensitivity of the system to voltage is 2.52 nm/nThe
diameter of the scanned ray is|of.

The FOP system makes it possible to measure and

automatically write down the&J-h characteristics of the
fiber-optic reflection sensor in the media of diéfet light
refraction indices.
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