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ABSTRACT

Pitch measurements of 150 nm pitch one-dimensional grating standards were carried out using an contact mode atomic
force microscopy(C-AFM) with a high resolution three-axis laser interferometer. It was called as ‘Nano-metrological AFM’.
In Nano-metrological AFM, Three laser interferometers were aligned well to the end of AFM tip. Laser sources of the three-
axis laser interferometer in the nano-metrological AFM were calibrated with an I,-stablilzed He-Ne laser at a wavelength of
633 nm. So, the Abbe error was minimized and the result of the pitch measurement using the nano-metrological AFM has a
traceability to the length standard directly. The uncertainty in the pitch measurement was estimated in accordance with the
Guide to the Expression of Uncertainty in Measurement(GUM). The Primary source of uncertainty in the pitch-
measurements was derived from repeatability of pitch-measurement, and its value was approx 0.186 nm. Expanded
uncertainty(k=2) of less than 5.23 nm was obtained. It is suggested that the metrological AFM is a useful tool for the nano-
metrological standard calibration.
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Fig. 1 Cross section of the nano-metrological AFM,[4]
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Fig. 2. Block Diagram of the nano-metrological AFM
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(a) Sample ( pitch 144.5 nm)
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(b) AFM Image of the sample ( 1 um x 1 um)
Fig. 3 150 nm pitch sample (‘Advanced Surface
Microscopy’)
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Table 1. Result of Pitch Measurement

Measurement Pitch (nm) S.D (nm)
Point #

1 1 144.80 4.43

2 144.56 4.53

3 144,43 4.29

2 144.76 4.63

3 144.60 5.42

4 144.73 4.72

Average 146.65 4.67
Value (nm)

Table 2. Sources and values of uncertainty,[4]

Sources of Uncertainty Vahe of Uncertainty
(nm)

(1) Pitch Measurement

(i) Repeatability 1 86E-01

(1) Normniformity 141E-01
(2) Laser Interferometer

(1) Frequency variation of laser 1.21E-02

(ii) Frequency stability of laser 6.59E-06

(111) Changes in the dead path (Temperature) 1.17E-08

(iv) Changes in the dead path (Thenmal Expansion) 1.17E-06

(v) Interferometer resolution 2.23E-02

(vi) Cosine errox in optical alignment 1.02E-05

(vii) Abbe error 1 09E-02

(vati) Change in optical path 2 06E-03

(i) Intexferomster nonlinearity (Cyclic Error) 1.15E-01
(3) Refractive index of aix

(i) Refractive index of air (Temperature) 948E-05

(i) Refractive index of air (Humidity) 3.12E-06

(iii) Refractive index of air (Pressure) 3.34E-04
(4) Sample temperature

(1) Difference in the sample temperature &.94E-04

(11) Thermal expansion £ 95E-04
(5) Slope correction

(i) Cosine erxor (vertical inclination) 6.98E-04

(ii) Cosine error (lateral inclination) 4.86E-04
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