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Abstract

Further improvements of the Metrological Large Range Atomic Force Microscope

(Met. LR-AFM) at PTB are reported. A new AFM head using the beam deflection

principle has been developed. It is capable of measuring in contact or intermittent

contact mode. In its optical design apertures are used to hinder parasitic light from

being received by the photo diode. Furthermore, an off-line Heydemann correction

method has been applied to reduce the inherent interferometer nonlinearities to less

than 0.3 nm (p-v). An improved measurement software allows comfortable operations

of the instrument. Versatile scanning functions, for example, radial scanning or local

AFM scan functions, have been implemented to allow the choice of different application

dependent measurement strategies. The instrument is capable of measuring, for instance,

step height, lateral pitch, nanoroughness and other parameters of nanostructures.

1 Introduction

A metrological large range atomic force microscope (Met. LR-AFM) which allows

direct large area scanning within a measurement volume of 25 mm × 25 mm × 5 mm

(x, y, z) has been set up over the last years at PTB [1]. The Met. LR-AFM works in the

scanning sample principle. During measurements the sample is moved in three

dimension by a nano measuring machine (NMM) [2] in combination with a compact

z-piezo stage. The sample surface is detected by a position-stationary AFM head,

where its cantilever bending or tapping amplitude is kept constant by servo moving

the sample along the z-axis using the z-piezo stage and the NMM simultaneously.

The topography of the sample is deduced from the 3D coordinates of the sample,

which are measured by the three homodyne interferometers embedded in the NMM

and a capacitive sensor located inside the z-piezo stage. For ensuring traceability the

capacitive sensor is calibrated to the z-interferometer in situ prior the measurements.

In this paper, further improvements on the instruments are reported.



Proceedings of the euspen International Conference – Delft - June 2010

2 Improvements of the Met. LR-AFM

The former AFM head of the Met. LR-AFM was based on the astigmatic detection

principle. Several shortcomings of the head had been identified during practical

applications, for instance, the occurrence of interference pattern between the detec-

tion beam (the light reflected by the cantilever) and the parasitic beam (a small

portion of undesired light is reflected by the sample surface), the difficult and time-

consuming cantilever exchange, and the lack of dynamic measurement modes.

As consequence a new AFM head has been developed based on the beam deflection

principle (figure 1(a)). In order to reduce the interference phenomenon mentioned

above, two apertures D1 and D2 have been added to the design. The aperture D1 limits

the beam width of the incident light. Due to the angle of inclination θ between the 

cantilever and the surface, which is usually introduced in AFMs to avoid a cantilever-

surface collision, the light reflected by the surface (L3) has a cross angle of 2θ with 

respect to the light reflected by the cantilever (L2). The aperture D2 prevents parasitic

light L3 from being detected by the photodiode. Thus the interference phenomenon

can be reduced. To verify the functionality of this design, the cantilever bending of

the AFM head is measured while the tip is moved towards the sample. The result is

depicted in figure 1(b), where no interference pattern is visible.

Figure 1: The principal sketch of the new AFM head based on beam deflection

method (a) and the measured output signal of the new AFM head as function of the

tip-sample distance (b).

The AFM head is capable of measuring in contact, intermittent contact and non-

contact mode. In the dynamic measurement modes the cantilever is oscillated by a

dither piezo, which is driven by a sinusoidal signal generated from a lock-in
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amplifier. The cantilever torsion and bending signal is detected by the quadrant

photodiode, processed by the LIA, and fed into a digital signal processing unit for

servo control.

The newly designed AFM head allows convenient cantilever exchange and adjust-

ment. A special alignment chip (ALIGN, Nanosensors™) is used for a reproducible

cantilever mounting. The cantilever is mechanically clamped using a spring blade

instead of being glued as in the former design.

The three homodyne interferometers embedded in the Met. LR-AFM suffer from

inherent periodical nonlinearity errors during fringe subdivision. Such nonlinearity

errors may reach a few nanometres, becoming a significant error source for

nanometrology. In the improved design, an offline correction method has been applied.

Using this method, both the interferometer values LNMM, i demodulated by the NMM

controller and the voltages of cosine and sine signals (xi,yi) of the interferometers are

recorded synchronously when the measurement data of the ith pixel is to be recorded,

here i  [1,N] and N is the pixel number of the scan line. After the line is scanned,

interferometer nonlinearities are corrected offline based on the recorded values LNMM, i

and (xi,yi) in two steps. The first step is to determine the fractional fringe part of the

interferometer value. In order to correct the nonlinearity, the Lissajous trajectory of the

measured signals (xi,yi) is fitted to an ellipse and then corrected to be an ideal circle. The

second step is to determine the integer fringe part mi of the interferometer value from the

recorded value LNMM, i.

The offline nonlinearity correction introduced above is implemented into the

measurement software and is executed automatically after finishing the data

collection of every scan line, therefore it is easy to be used. Using the proposed

method, the nonlinearities had been reduced from 1.3 nm (p-v), 0.5 nm (p-v) and 1.1

nm (p-v) down to below 0.3 nm (p-v) for the x, y, and z interferometers, respectively.

The software is an important component of AFM instrumentation. A well designed

AFM software should offer an user-friendly measurement and data evaluation

interface. The Met. LR-AFM is equipped with a home designed software, which

specially considers the large range scanning function. The software can be operated

via either a graphical user interface (GUI) or a script-based command set. Versatile

scanning functions have been implemented into the improved Met. LR-AFM: free

choice of the fast scan direction, a point-by-point probing method for reducing tip
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wear, radial scanning function for measuring rotation symmetrical structures, and a

local AFM scan function. The local AFM scan function was developed where the

measurements are solely performed at a set of small local areas of interest (AOIs)

instead of a single large area. The local AOI AFM images are recorded together with

the global 3D coordinates, therefore, the relative positions of the measured features

can be determined in 3D. This method saves measurement time and reduces tip wear

as well.

3 Measurement example

To illustrate the measurement capabilities of the instrument measurement results for

a set of PTB layer thickness standards using the improved Met.LR-AFM are

compared to the results obtained by x-ray reflectometer (XRR) and depicted in table 1.

The x-ray source used in the XRR instrument is generated from a synchrotron

radiation facility, therefore, it is operated with known energy and radiation wave-

length and thus capable of traceable measurements. The XRR measurements were

carried out by the PTB working group “X-ray radiometry” at BESSY II in Berlin.

The results from both methods show excellent agreements of better than 1 nm. The

residual deviation may be attributed to sample non-uniformity, since the two

methods measure at different areas of the sample.

Table 1: Comparison of the results of film thickness standards measured by XRR
and the Met. LR-AFM.

Nominal
values
(nm)

Values of the Metrological
Large Range AFM

(nm)

Values of the XRR
measurement

(nm)

Difference
XRR - LRSPM

(nm)

6 5.9 ± 1.0 6.08 ± 0.12 0.18

70 69.3 ± 1.0 70.0 ± 0.3 0.7

160 163.1 ± 1.1 162.4 ± 0.3 -0.7

380 388.3 ± 1.1 387.3 ± 0.7 -1.0

1000 1003.2 ± 1.2 1002.5 ± 2.0 -0.7
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