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positioning units, we can bring the table position to within
the dynamic range of the piezoelectric actuator,

The fine active alignment of five degrees of freedom, X, Y,
8x, 8y and 6z is achieved by the feedback of the table
position. We must use a high-speed controller because the fast
sampling time and the on-line geometrical calculation are
required for the high gain feedback control to suppress the
vibration disturbance. The adoption of the VME modules as
the controller enables us to use the commercially available
boards and the multi CPU structure. Figure 3 shows a
schematic illustration of the control system. For the CPU's,
we use MC68020 with a clock signal of 20 MHz and obtain a
sampling time of 2 ms for the fine active alignment.
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Fig.3 Schematic illustration of the control system.

When we want to connect the control system with a host
compulter, it is necessary to monitor the data and the status and
to change the status by the host computer. We have already
made a real-time data monitoring system by using RS-232C
as shown in Fig.3. Ethernet is available via a personal
computer with this monitoring system, Direct communication
between the host computer and this control system with
Ethernet is also possible by using the VME module with an
Ethernet port and the necessary software. Figure 4 shows some
possible network configurations of this VME-based alignment
system.
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Fig.4 Possible network configurations.

IV. TEST

We have tested the precision of the level positioner. The
test results are described in rms values of 100 trials as shown
in table 1. Positions and tilts of the table have been measured
by three laser interferometers in the vertical direction and two
capacitance microsensors in the horizontal direction.

As for the fine alignment, we have tested the control
performance of three degrees of freedom, Y, 8 and 6z using
laser interferometers whose resolution is 10 nm. To
investigate the response of the active alignment system to
vibration, we have added a white noise with a cutoff frequency
of 3 Hz as disturbance to one of the laser interferometer
feedback data. The noise has caused imaginary random
vibration which simulates the ground motion of Y, 8x and
6z. In Fig.5 showing the response in the time domain, we can
see the vibration of amplitude of 1.5 pum peak to peak is
damped to less than 0.2 jtm.

Table 1 Precision of the level positioner.

Positioning Accuracy (RMS)
X 0.217 pm
Y 0.750 pm
0 3.00 prad
OY 2.27 prad
6, 1.29 prad

Feedback Control

437



3rd Int. Conf. Accel. Large Exp. Phys. Control Syst.
ISBN: 978-3-95450-254-7 ISSN: 2226-0358

i75% ® 500aT S0% ®.300my

Fig.5 Damping response against the white noise with
3 Hz cutoff frequency.
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