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1 Introduction 

Long range AFMs suffer mainly from drift due to the relative long measurement times. In this paper the 
authors will present the results of the investigation of long term stability of the long range AFMs and 
comparison of the drift in a very stable metrological AFM with a commercially available AFM with good 
metrological characteristics. 

2 Measurement setup 

The main parts of the long-range AFMs at the TU-IL are the AFM measuring head (probe system) and the 
nanopositioning and nanomeasuring machine (NPMM) developed at the TU-IL [1]. As probe system were 
used: 

 Interferometer-based AFM head also developed at the TU-IL (very stable metrological AFM head) [2] 
(fig. 1). The deflection detection system of the AFM head comprises an interferometer and a beam 
deflection. This AFM head also includes a z-piezoelectric drive. 

 SMENA type scanning measurement head from NT-MDT Co. (commercially available AFM with 
good metrological characteristics) [3] (fig. 2). This AFM head with the beam deflection detection 
system can be used also as the stand alone scanning probe system. 

  

Fig. 1 Interferometer-based AFM head Fig. 2 SMENA type scanning measurement head 
from NT-MDT Co. 

Both devices were integrated into the NPMM (fig. 1, 2). The signals (as example bending, torsion, position) 
from the AFM heads were fed into the NPMM. The electronic unit of the NPMM processes all incoming 
signals and handles the entire measuring procedure (as example the calibration of the AFM head, the scan 
motion, and the storage of the results). In both cases the long range AFM is a combined scanning sample 
and scanning probe system. The z-piezoelectric drive from the AFM head with its limited motion range 
performs small movements at high frequencies; the NPMM is responsible for the slow movement over the 
large scanning range. In other words the sample and the cantilever are moved during the scan: sample in x-, 
y-, z- by the NPMM and cantilever only in z-direction by the z-piezo of the AFM head [4]. Thereby the x- and 
y-scanner of the SMENA AFM head are locked and not used. The deflection signal of the cantilever is 
controlled by the vertical motion of the z-piezo. The control voltage (respectively the displacement) of the z-
piezo is controlled by the vertical motion of the NPMM. The movement of the z-piezo is measured by the 
interferometer directly on the backside of the cantilever (interferometer-based AFM head) or by the 
capacitive z-senor of the z-piezo scanner (SMENA type scanning measurement head). The height of the 
sample is equal to the difference of the position value from the AFM head and the z-interferometer value 
from the NPM machine [4]. 



Long-term length measurements are especially susceptible to environmental effects and particularly to 
temperature variations [5]. The NPMM (with the probe system) is enclosed within an acoustically isolated 
chamber (fig. 1, 2) with a temperature control (using refrigerated & heating circulator FPW50-HL JULABO) 
with a temperature stability of 10 mK. The temperature distribution inside of the chamber depends on the 
arrangement of the heat sources (camera module, lighting, probe systems) and is therefore non-uniform. 
Four Pt 100 temperature sensors, pressure sensor and humidity sensor of the NPMM are arranged near the 
measuring arms of x-, y- and z-interferometers and near the measuring sample. The temperature control 
system of the NPMM in combination with additional 7 Pt 100 temperature sensors, pressure sensor RPT 200 
and humidity sensor HIH-3602-C are the parts of the environment server of the NPMM. The environment 
server provides continuous environmental data acquisition. 

The experimental procedure for drift evaluation presented by Marinello et al [6] was based on repeated 
measurements on a structured reference grating. Another way to investigate the long term stability of the 
long range AFMs would be realized by continuous recording of the signals of the AFM head. Particularly 
important are deflection (bending or/and oscillation amplitude) and position (interferometer or capacitive z-
senor) value of the cantilever. Note: the z-sensor in SMENA AFM head measure displacement only of the z-
piezo scanner. Drift of the deflection signal induce to the changes in the probing forces during the scan. Drift 
of the position signal cause to the changes in the height information during the scan (see above). 

During the long term investigations the probe systems signals were continuous logged with the request 
period of 4 s by the NPMM electronic unit. (Measurements were taken every 3 s, each with sampling one 
second and saving the average value to minimize random effects). Furthermore the environmental data were 
acquired. For comparison of the long term stability of the both measuring heads the signals were multiplied 
with the corresponding sensitivity coefficients determined through the calibration by the NPMM [7, 8]. The 
focus of the investigation was to determine the long term stability of the cantilever deflection and position. 

For investigations were used also further environment chamber with a temperature control (using refrigerated 
& heating circulator FP40-HL JULABO) with temperature stability of ≤ 20 mK and further environment server 
with four Pt 100 temperature sensors, pressure sensor RPT 200 and humidity sensor HIH-3602-C and 
provides continuous data acquisition. 

  

Fig. 3 Environment chamber with a temperature control 

The both environment chambers are located in a temperature- and humidity-controlled room (laboratory) with 
a temperature range of 20°C ± 1 K and a humidity range of 45% ± 10%. The air humidity in the room as well 
as in the chamber correlates with the atmospheric humidity. For humidity fluctuation minimization in 
environment chambers were used silca gel (humidity puffer). Digital humidity module HYT 271 was used for 
humidity monitoring in the laboratory. 

A set of experiments was performed to investigate and quantify the long term stability to verify correlation of 
the drift behavior of both measuring heads with environmental conditions. Furthermore the waiting time after 
cantilever replacement and switch-on of the temperature control was determined. 

3 Behaviour after the cantilever replacement/adjustment 

Generally, if the environment chamber is opened (as example for sample/probe system/cantilever 
replacement, cantilever adjustment) the temperature control is turned off. After closing of the chamber and 
turning-on of the temperature control the waiting time for achievement of ≤20 mK temperature stability  



depends on various factors and could last approximately 6 hours [9]. After replacement/adjustment of the 
cantilever and turning-on of the temperature control the probe systems signals were continuous logged by 
the NPMM over 6.5 hours. Figures 4 and 5 shows respectively the probe system signals of the 
interferometer-based AFM head and SMENA type head plus temperature in the chamber (logged by the 
environment server). For each probe system signal from each device the following parameters were 

 

Fig. 4 Interferometer-based AFM head, behaviour after the cantilever replacement/adjustment 

 

Fig. 5 SMENA AFM head, behaviour after the cantilever replacement/adjustment 



determined and presented in Table 1: the waiting period (stabilization time) and total drift (during the 
stabilization time). 

Table 1 

 Interferometer-based AFM head SMENA AFM head 

Bending Position (interferometer) Bending Position (z-sensor) 

Stabilization time, min 120 200 

Total drift, nm -9 470 66 -130 

4 Long term stability 

For determination of the long term stability or rather the short time instability, the probe system signals were 
logged after the stabilization time and at high environmental stability over several hours. For comparison the 
measurements were repeated. Figures 6 and 7 shows respectively two sequences of the probe system 
signals of the interferometer-based AFM head and SMENA type scanning measurement head. The short 
time instability is the deviation of the drift values after the stabilization time. The short time instability was 
calculated as the peak to valley (p-v) and the standard deviation (std) of the probe system signals are 
presented in Table 2. 

Table 2 

 
Interferometer-based AFM head SMENA AFM head 

Bending Position (interferometer) Bending Position (z-sensor) 

Measurement 1 
p-v, nm 1.6 7.3 1.7 65 

std, nm 0.4 1.5 0.3 20 

Measurement 2 
p-v, nm 1.6 24 2 120 

std, nm 0.3 7 0.4 35 

  

Fig. 6 Interferometer-based AFM head, long term stability, measurement 1 and 2 



  

Fig. 7 SMENA AFM head, long term stability, measurement 1 and 2 

According to figure 7, the continuous drift of the z-sensor (position) signal of the SMENA AFM head can be 
observed. The drift rate amounts to 4 nm/h and 5.5 nm/h in measurements 1 and 2 respectively. The 
variations of the interferometer (position) signal of the interferometer-based AFM head are not continuous 
(see fig. 6). Furthermore the changes of the interferometer signal can be caused by the changes of the 
refractive index of air. The correction of these systematic deviations can be taken into account [10]. 

5 Reaction to changes in temperature 

In order to investigate the temperature dependence of both AFM heads the temperature control value were 
varied from 19.5°C to 20.5°C. The temperature steps were spaced by 0.5 K and each step was held for over 
10 h. The results of these measurements yielded temperature coefficients of approximately -240 nm/K for 
the interferometer, 10 nm/K for the bending signal in interferometer-based AFM head and -20 nm/K for the 
bending signal in SMENA AFM head. The drift of the z-sensor signal in SMENA AFM head is independent of 
temperature variations. Z-sensor measure displacement only of the z-scanner and not direct of the cantilever 
(such as interferometric position measurement in interferometer-based AFM head). Drift of the interferometer 
(position) signal of the interferometer-based AFM most likely caused by adhesive layers in the head (the 
cantilever is also glued onto the plug), by the length and by the different materials in measurement and 
reference arm. 

6 Conclusions 

Generally, the parameter determined above can fractionally differ when using another cantilever (probe). A 
good recommendation is the recording of the probe system signals and environmental data during the 
waiting time. Therefore about the start of measurement can be decided. Furthermore, to avoid the 
temperature changes after beginning of the scan, the corner mirror (stage) of the NPMM must be moved 
during the waiting time. 



 

Fig. 8 Interferometer-based AFM head, thermal drift 

 

Fig. 9 SMENA AFM head, thermal drift 
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