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Computer controlled stepper motor Calibration of Translation Stage
Measuring a length is the comparison of an unknown length
with a known one. Since 1983 the
standard of one meter is defined
as the length of the path travelled
by light in vacuum during a time interval of
1/299792458 of a second. The effect of this definition is to fix the speed of light (c) in vacuum at
exactly 299 792 458 m/s. If we consider the relation ν=c/λ where ν denotes the frequency and λ
the wavelength of the light radiation it becomes
clear that in case the frequency of the radiation
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is known, the wavelength λ is known as well. If
the used light source has a known and constant
frequency it represents a secondary standard of
the meter. Preferentially a laser can fulfil the
demand of a defined and stable frequency. In
practise HeNe-Laser systems are used whose
frequency is stabilised using optical transitions
of the Iodine 127 isotope. The uncertainty of
the frequency stabilisation by using this method is better than 1x10 -12. For technical applications like calibrating CNC machines an uncertainty of 1x10 -7 is sufficient. This value corre-
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Fig. 2.9: Signals of channel A

Fig. 2.12: Track of C and D TTL signals
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Fig. 2.10: Signals of channel A and B

Fig. 2.11: Analogue and TTL A and B signals in XY representation

The special feature of technical interferometer
is the automated detection and counting of the
fringes caused by a movement. In the Fig. 2.9
the signals A and A’ (please refer to Fig. 2.2)
are shown. From both signals the TTL signal
C is generated. The Fig. 2.10 shows the phase
shift of 90 degrees between the A and B signals
(of course this shift exists also between the A’
and B’ signals). The XY oscilloscope representation of A and B is shown in the Fig. 2.11. The
left figure shows the analogue superposition. If
the system is in rest, only a dot on the circumference of the ellipse (ideally a circle) indicates
the position. A full turn is related to a travelled
distance of λ/4 or 0.158 micrometer when λ is
635 nm and the rotation direction depends on
the direction of movement. The right figure of
Fig. 2.11 shows the XY representation of the
TTL signals of C and D. Here, the dot jumps
clockwise or counterclockwise from one corner
to the other whereby on jump corresponds to
a movement of λ/16. The task of the electronics is to count how many jumps occur in clock-
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sponds to an accuracy of 0.1 µm per one meter.
A HeNe-Laser without any means of frequency
stabilisation has a fairly good uncertainty of
1x10 -6 and will be used in this experiment. By
using the Michelson interferometer we count
how many λ/2 bright/dark transitions (fringe)
occur along the distance to be measured. The
movement will be done by using a microprocessor controlled motorised translation stage. The
travelled distance is compared with the result of
the Michelson interferometer which represents
the secondary standard of the meter.
wise and in counterclockwise direction. This
is achieved by using an up and down counter
whereby the directional signal is gained from
the 90° phase shift between both signals. If C
leads D then the directional signal for the counter will be high (up) or low when D leads C.
The movement of the translation stage (3) is
controlled by the stepper motor controller (1).
The increment as well as the speed is set to suitable values. After each increment the controller
stops the movement for a while and the counted
fringes are read from the counter display. Either
the microprocessor or the student calculates
from the counted fringes the travelled distance
and creates a graph as shown in Fig. 2.13.
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Fig. 2.13: Calibration curve
When using an extra computer the Fig. 2.13 can
be automatically recorded by using the control
and logger software (2). In this case the counter
as well as the stepper motor controller are connected via the USB bus to the computer.
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