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REZUMAT. Lucrarea ştiinţifică prezintă “conceptul microscopului de forţă atomică”, integrat în laboratoarele de măsurări şi procesări 
micronanomecatronice din cadrul Institutului Naţional de Cercetare Dezvoltare pentru Mecatronică şi Tehnica Măsurării INCDMTM 
Bucureşti, cu descrieri structurale – funcţionale – scanări laser – alinieri – masurări – imagini de suprafaţă straturi subţiri, etc. 
Lucrarea ştiinţifică prezintă în ansamblul său, procedurile de măsurare şi scanare, imagini ale topografiei suprafeţei straturilor 
subţiri, fenomenele intime de interacţie între vârful de palpare şi atomii probei, relaţiile între tipurile de deformaţii ale îndoirii 
cantileverului, conexiunile inverse într-un punct de sprijin pentru detectarea optică etc. 
 
Cuvinte cheie: microscopie inteligentă; microscop de forţa atomică; scanare laser; controller SPM; computer. 
 
ABSTRACT. The scientific paper presents “the concept of the atomic force microscope”, integrated into the micro-nano-mechatronic 
measuring and processing laboratories in The National Institute for Research and Development in Mechatronics and Measurement 
INCDMTM Bucharest, with structural and functional descriptions, laser scanning, alignments, surface images of thin layers and so 
on. The scientific paper presents mainly the measuring and scanning procedures, images of the surface topography, intimate 
phenomena of interaction between the palpating tip and the atoms of the probe, the relations between the types of deformation of 
bending of the cantilever, the inverse connections in a balancing point for optical detection and so on. 
 
Keywords: Intelligent microscopes; atomic force microscope; laser scanning; SPM controller; computer. 
 

1. DEFINITION, PRINCIPLES, CONCEPTS 

The definition of intelligent microscopic systems is 
carried out concretely by defining the principles and 
concepts of the “atomic force microscope”, in the 
endowment of the „Advanced MEMSD&NEMS  Me-
chatronics” in INCDMTM – Bucharest. 

Such an atomic force microscope is characterized by 
the following structure: Base unit; Basic modules 
(measuring heads, exchangeable mount, scanner, 
heating platform, liquid cells); Protective hood; Optical 
visualization system; Vibration insulating systems; 
Control system: SPM controller; thermal ocontroller; 
computer with a panel interface. 

Figure 1(a) depicts the structure of the atomic force 
microscope and figure 1(b) depicts the draft of the 
system assembly modes. 

The functioning principle of the atomic force micro-
scope is measuring the forced of interaction between 
the tip and the surface of the probe, using special 
measuring heads, carried out by a high tip cantilever. 

The force applied the force by the surface, leads to the 
bending of the cantilever and by measuring the 
deviation of the cantilever is possible to assess the 
interaction force between the tip and the surface. 

The concept and the functioning principle of the 
atomic force microscope eases laboratory experiments 
at nano scale. 

2. SYSTEM DESCRIPTION AND 
STRUCTURES 

According to figure 1 a and b, we continue with the 
description and the structures of the sub-systems that 
comprise the assembly. 

 Base unit. Adjusts the access systems, that ensures 
the access way of the probe towards the measuring head. 
Handle 2 is used to carry out manually the carrying closer 
of the probe towards the measuring head. 

 LC-4 display. contains information on tempera-
ture and humidity, measured by sensor 3.  
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a – the structure of the atomic force microscope                      b – the draft of the system assembly modes 
 

Fig. 1 
 

 
 

Fig. 2. Main components of the base unit: 
1 – exchangeable mount; 2 – manual approach knob; 3 – tempe-

rature and humidity sensor; 4 – LC-display; 5 – connecting pipes. 
 

 Connecting pipes 5 are used for introducing gas 
in the hood and evicting air. 

 Exchangeable mount. Is caught in the Base unit 
and moved by three screws. Figure 4 depicts the main 
parts of the exchangeable mount. 

The exchangeable mount has two mounting surfaces. 
The heads ad be placed, depending on their type, on 
surface 1 or 2. Channels 3 are used to sustain an 
auxiliary mirror during the use of the video system 

 Positioning device 4 (Fig. 4) mounts the mount of 
the probe, the scanner and any other devices to which 
the probe is attached. The positioning device is installed 
on a mobile cylinder 6 of an access system. This makes 
possible the transfer of the probe in a vertical direction. 

The positioning of the XY plane is carried through 
micrometric screws 1 Spring clips 2 secure the flexible 
device by exerting a micrometer screw to each other 
and are opposed to the clips. 

 Scanners. Two types of scanners:  
– scanner with no capacity sensors, connected to the 

Base unit by a SCANNER connector. 
– scanner with capacity sensors, connected to the 

Base unit by a SCAN+SENSOR connector. 

  
 

Fig. 4. exchangeable mount. 1,2 – measuring head mount surface; 3 
– channels for the mirror; 4 – positioning device; 5 – mount for the 

cables of the measuring head; 6 – approach cylinder;  
7 – earthing terminal, 8 - screws for attaching the base unit 

 

 
 

Fig. 5. Basic components of a positioning device:  
1 – micrometric screws; 2 – spring clips. 
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 Measuring heads: 
– Universal measuring head. A universal measuring 

head can be used to make almost all SPM techniques in 
both air and liquid. A variety of techniques of measure-
ment is achieved by using a set of adjustment units, 
which are specially designed for specific techniques and 
measurements of certain parameters. 

 

 
 

Fig. 6. Overall image of a universal measuring head with the 
adjusting unit connected to it:  

1 – universal measuring head; adjusting unit. 
 

 

  
 

Fig. 7. Basic components of a universal measuring head:  
1, 2 – XY translation screws of the adjusting; 3, 4 – fotodiode adjusting 

screws; 5 – fixing clamp; 6 – laser; 7 – fotodiode; 8 – adjusting unit 
connector; 9 – sapphire mount; 10 – base; 11 – adjusting unit. 

 
The translation screws of the platform, 1, 2 are used 

to mark the direction of the laser beam to the cantilever. 
Using these screws, the tip is fixed in a position in 
which the laser reaches its peak. The adjustment screws 

of photodiodes 3, 4 are used to translate the photodiode, 
which has four sections, so that the reflected beam 
strikes the center of cantilever diode. 

Adjustment unit 11 is mounted on a round base 10 
of the measuring couple and is  attached to translation 
screws, 1, 2 with 5 clips. 

– Measuring head for AFM measurements. The 
head is shaped as a cantilever spring called "cantilever" 
which is set on a silicon chip called the measuring head. 
The measuring point, which is shaped like a sharp 
needle is placed on the free end of the cantilever in 
console. 

The measuring heads in a console position is of the 
following two types generally used for AFM: in the 
form of a rectangular beam; triangular console canti-
levers made up of two traverses 

A probe may have multiple console cantilevers of 
various lengths console and therefore with different 
elasticities (Fig. 8). 

 

       
 

Fig. 8. Overall imagine of a measuring head for AFM 
measurements:  

1 – chip; 2 –console cantilever; 3 – tip. 
 

 Scanning head (scanning measurement): The 
scanner is fixed within the measuring head chamber. 
The metal tip of the scanner head exits the measuring 
head chamber.This top incorporates the sensor to 
mount. The head mount is similar to that of the SPM 
sensor. 

The scan heads operates the same as the AFM heads 
as those used with universal measuring heads.  

 The sharp part of a 8 -10 mm long and 0.25 – 0.5 mm 
diameter PtIr, PtRo or W tip is used as a STM mea-
suring head. The measuring tip is installed is V-shaped 
ditched with a spring clamp. 

 Control system. The NTEGRA PNL control 
system is made up of: SPM controller; Thermal cont-
roller; Computer with interface. 

 Operation conditions. Temperature of the 
environment: 20 ± 5° C; Temperature deviation with 
less than 1°C per hour; Relative humidity less than 
80%; Atmospheric pressure 760 ± 30 mm Hg; 
Requirements for vibration –VC-C vibration criterion, 
12.5 µm/s (criterion of a third of an octave); Electric 
distribution cables with 110/220 V (+10%/-15%), 
50/60 Hz and earthing; The room should be protected 



INTELLIGENT MICROSCOPIC SYSTEMS USED IN MICRO-NANO-MECHATRONIC LABORATORIES 

 
Buletinul AGIR nr. 3/2011 ● iulie-septembrie 119

 from mechanical vibration and acoustic noise, such as 
internal or external noise; The device should be pro-
tected from the direct impact with the solar radiation; 
The measuring unit for the instrument (the measuring 
unit with the measuring head) should be place don a 
separate table of computers and monitors in order to 
eliminate the electro-magnetical interference; The table 
should be stable and as massive as possible. 

The functioning of the device is sensible to heat 
leaks and sudden alternations of temperature and 
humidity.  

3. ATOMIC FORCE MICROSCOPE (AFM) 

The preparation of the device for functioning using 
the AFM module consists of the  following phases: 

a) electro-mechanic configuration; 
b) opening of the instrument; 
c) breaking the calibration parameters of the 

scanner; 
d) preparing the instrument: 
 preparing the instrument fort the “probe scanning” 

configuration; 
 preparing the instrument for the „scanning on the 

measurement head” configuration.  
 Electro-mechanic configuration. All the 

modifications carried out during the setting of the 
configuration are carried out with an interrupted electric 
power. The complete instrument, with all its parts and 
accessories allows the researcher to choose one of the 
following configurations: 

– the “probe scanning” configuration includes a 
universal measuring head, a Base unit and a scanner. 

– the „scanning by measure tip” configuration 
includes a scanning head and a Base unit with a mount 
for the measuring head.  

– the “dual scan” configuration includes a scanning, 
a Base unit and a scanner.  

 Opening: 
– opening the NOVA.exe software; 
– opening the SPM controller – a green button 

appears on the left screen of the monitor; 
– opening the system for isolation against vibrations. 
 Loading calibration parameters of the scanner: 

Main Menu  Settings  Calibrations Load 
Calibrations. 

– SunXXXcl.par – for scanners installed in 
measuring heads; 

– zXXXcl.par – for mobile scanners, 
where XXX is the number of the scanner and cl 
represents the presence of capacitive transfer sensors  

– the even file corresponding to the installed scanner 
is chosen  

– the open button for loading the even file is pressed. 
When an even file is loaded for a sensor scanner, the 
results are the following: 

– the inverse reaction that controls the displacement 
of the XZ plane will be open; 

– the software non-linearity correction will be 
closed.  

If the current scanning parameters are preferred for 
loading at the opening of the software, the Default.par 
software is loaded: 

Main Menu  Settings  Calibrations Save 
Calibrations 

A dialog box emerges and the Default.par file is 
saved. 

If a sample weighing less than 1 g, mount of the 
head of a heavy cell or as a heavy liquid cell, is 
installed on the scanner, then the absence of generation 
in the feedback loop controlling the movement of the 
scanner in the XY plane will be checked. Moreover, no 
generation will be checked if the AFM image quality 
during operation using sensors is less than that without 
sensors. 

 Preparing the instrument for a “Probe scanning” 
consists in: Measuring head installation; Adjusting the 
system for the bending of the cantilever in console 
detection; Scanner centering; Probe mounting; Measuring 
head installation; Initial approach; Protective hood 
installation.  

 Preparing the instrument for a “Measuring head 
scanning”: Measuring head installation; Optical system 
adjustment for the bending of the cantilever in console 
detection; Probe mounting; Measuring head installation; 
Initial approach; Protective hood installation.  

 Selecting a scanning surface   
–  if there is preliminary information about the 

sample properties and is certain that excess surface 
topography are assumed within the scanner field Z, we 
recommend setting the maximum scan field; 

–  if there is preliminary information on the pro-
perties of the sample surface is recommended to initiate 
scanning on a small area, for example 0.5-1 mm. Then, 
based on the results of these scans, you can setup and 
optimization of parameters such as SetPoint, FBGain. 
Then, the scanner can be resized. 

 Setting the dimension of the scanned image, of 
the number of pixels and of the scanning pace: The 
number of pixels along X and Y axes (parameter Point 
Number), image size scanned (Scan Size parameter) 
and scan step (Step Size parameter) are set through 
appropriate parameter selection from a list (Fig. 9). 
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Fig. 9 
 

 When these parameters are set, the following 
aspects are taken into account: 

– when Point Number changes: Scan Size is modi-
fied; Step Size is not modified; 

– when Scan Size changes: Step Size is modified; 
Point Number is not modified; 

– when Step Size changes: Scan Size is modified; 
Point Number is not modified. 

The setting of the scanning speed depends on the 
properties of the studied surface, of the dimensions of 
the scanned surface and the external conditions. Smooth 
surface topography can be scanned with higher speeds 
than with irregular topography and high lifts. 

In the beginning, it is recommended to set the scan-
ning line frequency (Frequency parameter) between 0.5 – 
2 Hz. 

 Scanning: 
– triggering scanning: The scanning area should start 

after the preparation of all necessary procedures: the probe 
is put near to the measuring head, the settings of the 
operating point and all scanning parameters are set; 

– changes of parameters in the process of scanning; 

– providing the parameters during the scanning 
process; 

– saving of measured data; 
– completing of measurements. 

4. CONCLUSIONS   

The concept of the atomic force microscope, meant for 
researches laboratories in the intelligent micro-
nanomeasurement, micro-nanomechatronic&micro-
nanointegronic processing fields, is applied and developed 
within The National Institute for Research and 
Development in Mechatronics and Measurement 
Technique, in order to elaborate and carry out intelligent 
micro-nanotechnologies, at micro and nano scales, as well 
as contributing to developing the Mechatronics and 
Integronics high-tech Industry presently and in the future.  
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