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Optical Straightness Measuring System Using a Ball-lens
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This paper proposes a simple method to improve a sensitivity of a straightness measurement
system for a linear stage, which is applied to a system based on a geometric optic method. An
optical system for this method is composed of a corner-cube retro-reflector, a ball-lens and a two-
dimensional position sensitive detector (2D PSD). The effectiveness of the proposed method was
examined theoretically, and verified experimentally using a prototype measurement system. The
results show that the measuring sensitivity was dependent on the size of the ball-lens and the
setup position of PSD from the ball-lens, and that the proposed method is efficient method to

improve the measuring sensitivity.
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4,; = straightness of the linear stage (i =y, z)

A,; = lateral displacement of the laser beam reflected
from the cornercube retro-reflector (i =y, z)

0.; = deflection angle of the laser beam passing through
the focus of the ball-lens (i =y, z)

I; = displacement of the beam spot on the PSD sensing
surface (i =y, z)

R = radius of the ball-lens

C = center of the ball-lens

n = refraction ratio of the ball-lens

f= effective focal length of the ball-lens
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L = distance between the ball-lens and PSD
S\; = measuring sensitivity (i =y, z)
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Fig. 1 Geometrical error motions of a linear stage
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Fig. 2 Schematic diagram of the measuring system
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Fig. 3 Sensitivity improvement principles
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Fig. 4 Photograph of the prototype measurement system

Table 1 Specifications of the stage

Components Specifications
Travel range 26 mm
Straightness / Flatness +2 um
Pitch + 80 prad
Yaw + 80 prad
Resolution typical 0.006 pm
Bi-directional Repeatability +0.018 um
Encoder resolution 1 nm
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Fig. 5 Example of the system in-output (L=15mm)
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Fig. 7 Results of the in-output experiment
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