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1 Features

� Piezoelectric actuation
� No backlash
� Minimized run-out
� Extreme axial load-to-weight ratio (up to 10)
with minimum encumbrance

� Full ±360° high precision travel range
� 50 V to 150 V operation
� Resolution in the micro-radians range
� Lubricant-free

2 Applications

� Industrial: EDM, machine tools
� Research: microscopy
� Metrology: telescopes, laser refraction
� Multi-axis solutions
� Custom

3 Description

PHI-MICRO is a miniaturized rotatory table based
on inertial piezoelectric actuation designed for pre-
cision positioning (Fig. 1). Its working principle
provides extremely high placement resolution, since
the absence of gears gets rid of ine�ciencies asso-
ciated with motion transmission and any need of
lubricants. Minimum steps in the micro-radians
range are thus easily achievable. Moreover, high
load-to-weight ratios are also granted by remark-
able system compactness. As a result, the device is
capable of precisely rotating relatively heavy loads
in a full 360° travel range, in both clockwise and
counterclockwise directions. Finally, a wise support
of the rotary table allows to tear down any run-out
phenomena that tipically a�ect devices exploiting
standard con�gurations.

PHI-MICRO features can be customized to sat-
isfy challenging performance requirements in a wide
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Figure 1: PHI-MICRO structure

Part Description

A Rotary table
B Wiring slot
C Mounting �ange with M3 holes (3x)
D Statoric case
E Flexural piezoelectric actuator
F M2 holes for load clamping (4x)

variety of application �elds, from industrial (e.g.
EDM, machine tools) and research ones (e.g. mi-
croscopy) to those concerning metrology (e.g. tele-
scopes, laser refraction).

4 Command Law

Despite PHI-MICRO can be actuated through
a generic triangle wave of arbitrary symmetry
(namely the percentage ratio between wave rise
time and period - see Fig. 2), a sawtooth wave-
based command law is suggested for easier im-
plementation and optimal performance. Recom-
mended input settings are listed in Tab. 1.

Table 1: Command law speci�cations

Waveform Type Sawtooth
Voltage V 50÷150 [V]
Symmetry 0 [%] CCW rot.

100 [%] CW rot.
Frequency f 0÷3000 [Hz]

Figure 2: Command law sketch

5 Performance

Generally speaking, PHI-MICRO performances, de-
�ned in terms of rotational speed and minimum
step (i.e. resolution), are dependent on command
law settings only. Indeed, no dependence on load
mass can be appreciated, in accordance with the
very nature of the device.

5.1 Rotational speed

With reference to Fig. 3, at given operating
voltage, rotational speed (ω, in rpm) shows a
pronounced linear dependence on input wave fre-
quency (f), independently from direction of rota-
tion. Such relationship can be expressed with high
correlation factor through Eq. 1.

ω = 0.0041 · f + 0.3633 (1)

5.2 Resolution

Any desired minimum step can be virtually
achieved through mere operating voltage (V) tun-
ing. Once again, such relationship is markedly lin-
ear and independent from direction of rotation, as
shown in Fig. 4 and according to Eq. 2.

∆α = 4.3713 · V − 94.131 (2)

According to the noise intensity a�ecting the in-
put voltage signal, a minimum displacement in the
range of 400 nm can be achieved.
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Figure 3: Rotational speed at varying load mass
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Figure 4: Minimum step tuning
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6 Technical summary

Table 2: PHI-MICRO Technical Data

MECHANICAL PROPERTIES ACTUATION

Materials Piezostack Properties

Body Steel Capacitance 75 [nF]
Actuator Piezoceramic Max. Voltage 150 [V]
Case Steel Command Law

Encumbrance Waveform Type Sawtooth
Diameter 23 [mm] Voltage 50÷150 [V]
Height 20 [mm] Max. Frequency 3000 [Hz]

Mass Performance

Stage 50 [g] Max. speed 13 [rpm]
Load (max.) 500 [g] Min. step 100÷560 [µrad]

CONNECTIONS

Wires

Type MIL-W-16878/4 Insulation PTFE
Quantity 2x3 channels AWG 28
Length 10 cm Strands 7

Connector: Custom. Wiring intended for experimental purposes.

Figure 5: PHI-MICRO Technical drawings

Dimension A B C D E F G H I

Value 23 2 19.7 5 2 2.7 90 7.5 3

All dimensions are given in mm for lengths and ° for angles
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