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ABSTRACT

Accuracy and precision of the goniometer and the specimen holder should be measured and corrected to

improve reliability of 3-D structure analysis using transmission electron microscopy (TEM). In this study, we

described the operation principle and performance of the Gatan rotation holder. Through analysis of the images

taken inside the microscope, rotation angles were measured within the accuracy of £0.42°. For comparison

the rotation angles were measured outside the microscope using a home-made measurement tool, which

resulted in the accuracy of +0.6°. Additionally, we found abnormal specimen drifts during rotation probably

due to the unstable engagement between the specimen cup and the rotation belt.
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Fig. 1. (a) Main features and operation principles of rotation holder. It consists of @ specimen cup, @ specimen rod and 3 motor
driver. (b) Specimen is rotated by physical interaction between the specimen cup and the rotation belt by the motor driver.
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Fig. 2. Rotation series of the test specimen to measure the accuracy of rotation angles in the TEM. Images from (a) to (f) are
obtained with rotation angles of 0°, 60°, 120°, 180°, 240° and 300°, respectively.
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Fig. 3. Accuracy of rotation angles measured in the TEM: (a) Linear relationship between the calculated angles and the measured
angles: (b) Angular deviations of each rotation steps.
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Fig. 4. The accuracy of rotation angles measured outside the TEM by reflecting a laser beam off a mirror located inside the holder
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Fig. 5. Measurement of holder unstability during specimen
rotation: (a) abnormal specimen travel path in 2-D
plane: (b) specimen travel path through x- and y-
directions: (c) deviation of the measured travel path
from the expected travel path.
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Table 1. Calculation of available distances from the rotation
axis for specimen rotation analysis at different magni-

fications

Observation  Radius of Available distance Travel length
magnification screen from the rotation per | degree

(x10%) (um) axis (um) (pm)

2 40 2,290 39.97

5 16 915 15.97

10 8 460 8.03

50 1.6 90 1.57

100 0.8 45 0.79

500 0.16 9 0.16

1,000 0.08 5 0.09

1,500 0.053 3 0.05
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