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ABSTRACT

A new approach to metrology for the range below 100 nm is based on large fi
interference / lithography. Since the encoder can only be as accurate as the
the availability of encoder plates of nanometer accuracy. Various co
gratings were checked using interferometric methods and compared
was analyzed and the necessary improvements of measuring techn
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Nanometrology (the science of measurement at th
small objects in micro, semi-conductor and nano tec
features of size, shape and roughness at the nanosca
dimensional tolerances for such applications as semico

measurement of geometrical
also important for microscopy. As

[1]. The sophisticated measuring tools used to

measure these features, such as £ i and Scanning Electron Microscopes (SEM), require
periodic calibration to produg \n specimens [4-7] with feature sizes or positions directly
traceable to international S ucing accurate and reliable results. The recommended
practical international lg alt Wacuum wavelengths of a number of standard reference

radiations determineg i i : at are listed in Table 1.

Table 1. Vacuum w ational length standard

Spectrum domain Red Infrared
633.96139822 780.24629163

hus interferometry, ha of light as a physical measuring unit, is a de facto length scale. If the light
ometer is one of the recommended laser wavelengths we can use that interferometer to
fficient precision to warrant their use in microscope calibration. Generally such artifacts
are characterized by their pitch and the height of the lines. The calibration of a scanning

3 axes: 2 axes perpendicular to the optic or sensing axis meaning lateral calibration and 1



2. VERTICAL CALIBRATION

2.1 The Linnik interferometer

The Linnik interferometer [8] utilizes a high magnification 490X objective lens for observation of minute details. The
Linnik interferometer is at core a Michelson interferometer. Fig. 1 presents the basic arrangement comprising a light
source, a collimator, a beam-splitting prism, an eyepiece, uniform objective lenses with completely identical optical
distances, a specimen surface, which gives rise to an image, and a reference mirror, which gives ri a reflection
image. We used a Linnik Interferometer type MIN-4 produced by LOMO Sankt Petersburg Industri

Fig. 1. The Linnik inte
measurements takep
filters, for 533 al

cal data regarding the interferometer, concerning the
erferometer has an optical power of 490X, two optical
. Also, the optical field of the interferometer is 320 um.

ement principles

, the step unit (pitch) while the monochromatic light fringes
eir sum gives the height. This measurement principle is illustrated in Fig. 2. Using
ability of the measurement. Monochromatic light is insured by the use of 2 filters -
idth. With such spectral width we cannot insure the traceability. Introducing
in a limited aperture optical system means a lot of high size speckle. The
source, source of variable spatial coherence [9].

Using the Linni
m. As a light source f¢
s, Model 117 (freq

ferometer we measured the height of a grating with 48 nm pitch and obtained h = 1004 +
hl variable spatial coherent light we used a frequency stabilized laser produced by Spectra
/ 473.61254 THz), a red monochromatic light.



white light

green filter

Fig.2. Fringe pattern for white, red and green light source, obtained for i
with the Linnik interferential microscope

a diffraction grating of 46

(a) (b)
i SIOS: (a) the head of the unit and (b) the controller.

Technical da i rie ing the measurements taken by us, are the following. The

light source is & gth) of 2 mW output power, the measurement range 5000 nm,

the metric resoluti€ , the physical resolution A / 512 (about 1.24 nm), laser frequency stability 2 10
axi actor translation rate 600 mm/s.

ATERAL CALIBRATION

terferometer from our lab. SIOS is a precision laser interferometric length measurement
ble-faceted retro-reflectors [10]. The miniaturized sensor head and triple-faceted retro-
ent as permanently installed metrological system. The miniature interferometer converts
retro reflector into optical interference signals that are transmitted to the optoelectronic



Vertical calibration is achieved by pitch measuring of the grating. Many gratings lines are included in a measuring range
so the pitch value is a medium size. The gratings are visualized by an optical microscope (Axiolmager, Zeiss); the
grating is moved by a mechanical table from Luminous Instruments Ltd. with the retro-reflector on the table. The
experimental results obtained using the SIOS interferometer are displayed as a statistical distribution in Fig. 4.
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Fig. 4. Distribution of pitch measuted values obtained using OS interferometer.

Atomic Force Microscopy (AFM) is based on the mea
surface material. The tip, mounted on a flexible cantile

AFM image, the tip is raster-scag suring the bending of the cantilever. The result will be a

The first AFM microscgfe 1o the samples in contact mode, non-contact mode and
intermittent contact g i e is about éx44 2 and the maximum vertical

movement is 3.85 i ature of the surface and on the tips we use, a lateral
resolution of tens i is also equipped with a 200X magnification video
microscope, which a and positioning. The microscope labeled “2” has similar

characteristic but the horiz even smaller.

ental results for two gratings obtained using the two AFM devices are displayed
abtained using the SIOS interferometer in Tables 2 and 3. The nominal values of

alibration, our artifacts are not good for calibration because they are not uniform; as one can observe
art of Fig. 5 adjacent lines have different height so we can have different results depending on the area

Regarding
from the lowe



we are measuring on. It is necessary to have first very good quality artifacts. To check the uniformity of the grating lines
height we need an AFM scanning on long distance [11]. Unfortunately our AFM devices are unable to measure a length
of 48um, as the pitch of the first grating, because of their limited range of 44um. This is also the reason we have not a
statistical analysis of the AFM measurements. The uncertainty for the calibration is not the uncertainty of the measuring
devices but the imprecision of the artifact itself, and it is reasonable to consider the uncertainty of the AFM much better
than that of the grating. We came to the conclusion that the Linnik interferometer is a good reliable instrument and its
compatibility to the definition of traceability in height measurement is demonstrated.
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Table 2 Values of the ¢ cights obtained using different methods and instruments.
) (um) Linnik SI0S AFM 1 AFM 2

481 1004 = 27 nm - 1024 nm 700 nm

24um 1240 + 30 nm - 1300 nm 1090nm

ings pitches obtained using different methods and instruments.
ik SI0S AFM 1 AFM 2
48007 £ 10 nm - -

24 003 £ 10 nm 25620 nm 2401 nm




6. CONCLUSIONS

We developed a system of measurement for pitch and height lines of 1D gratings that we applied for the case of
2 gratings with nominal values of the pitch of 24 um and 48 um respectively. Both of them are intended to be used as
standards for scanning microscope calibration in two different laboratories.

Twyman-Green laser interferometer was used for pitch measurement.

Two commercially available AFM data were compared with our results from interferome
frequency stabilized lasers are not calibrated to standard iodine He-Ne laser our measu
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