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Preparation for high resolution 

The installation of an AFM / STM lab 
What kind of environment is needed for AFM instrument 
ÅNoise environment 
ÅTemperature and humidity environment 
ÅAn organized working environment 
ÅEveryday necessary supplies 
 
 

Achieve every day high resolution 
ÅHow to prepare samples 
ÅMaintaining a collection of standard sample 
ÅMaintaining a collection of cantilever 
ÅMaintaining the noise isolation equipment 
 
 

 



Preferred location of the AFM in lab 

No ideal AFM location: 
1. Traffic  
2. Noise 
3. Airflow 
4. Connected bench top  



Preferred location of the AFM in lab 

Better AFM location: 
1. Less Traffic  
2. Away from noise source 
3. No Airflow 
4. Disconnected bench top for 

computer and controller 



Layout of an Installation  

! άƭŜŦǘ ƘŀƴŘŜŘέ ƛƴǎǘŀƭƭŀǘƛƻƴ 



Layout of AFM vibration isolation and electronics 

Å Separated instrument top and computer desk 
Å Noise source on the computer desk away from instrument top 
Å Storage space for parts and supplies 



Ideal Installation Environment for AFM  

 
ÅNoise less than 60 dB 
ÅHumidity 10%~40% 
ÅRoom temperature around 23 C 
ÅAway from AC vent 
ÅAway from direct sun beam 
ÅAway from electronic noise. 
ÅAway from air pollution 



Passive vs active vibration isolation and acoustic noise enclosure  

Å Passive isolation has higher performance, 
simple, easy to maintain 

Å Active isolation can take heavy instrument, 
easy to use. 



Passive vibration isolation performance optimization  

Å Separation of noise source from AFM platform 
Å Plug in air flow vents 
Å Bundle of cables 
Å Adjustment weight and cord stiffness to adjust resonance frequency and height 



Cleaning Supply for Sample, Tools, Instrument and Working Surface 

High quality water                          ethanol, acetone, methanol, etc.                               Sulfuric acid 
 
 
 
 
 
 
 
 
 
 
 
 
Windex                                         gloves                               glass pipet          kimwhipe                           CO2 snow jet 



Supply of Cantilevers, Substrates, Sample Holders, Tapes  

Double sided tape 

Si3N4 contact tips, silicon AC tips 300KHz                     mica                                                         HOPG 

Glass cover slip                                                       steel sample dish                                   



Standard samples for everyday use  

Å Grading sample for tip and instrument calibration 



Other Standard samples for everyday use  

Keep a collection of easy and distinctive sample for imaging mode testing 
and calibration 



Basic principles of sample preparation  

ωPrinciple I: separate individual species and features from each other 

ωPrinciple II: choose a flat and clean substrate 

ωPrinciple III: immobilize the sample onto the substrate 

ωPrinciple IV: avoid any source of drifting, creeping and peeling. 

 

 



An atomically flat substrate: Muscovite Mica  

Å Layered structure of Al, Si, O, & K  

Å Mechanically cleaved to produce clean, atomically flat surfaces 

Å Negative surface charge in pure  water ï strong electrostatic interactions 

Å Model substrate for adsorption studies 

 

[KAl2(OH)2(AlSi3O10)] 



silanol groups deprotonate in aqueous solutions to give  
negatively charged surfaces 

Mica 

Mica: Charge on surface in water  



Cleaving mica  



 



HOPG: Atomically flat surface with conductivity  

HOPG 500 x 500nm 

 

 

 

 

 

 

 

 

 

 

 

 

 

HOPG atomic 

resolution 

ÅHOPG Highly Oriented Pyrolytic Graphite)  has layered structure 
and can be cleaved like mica to expose renewed surface 

ÅSurface is atomically flat between atomic steps 
ÅHighly conductive and hydrophobic 



Cleaving HOPG  



Sample preparation 



Basic Topics of AFM Sample preparation 

ω  Topic 1: Separation 

ω      Topic 2: immobilization 

ω  Topic 3: substrate 

 

 



Quick go over: Basic principle of sample preparation 1- separation 
 

Snow flak and 
packed snow 

Å Lower concentration 
Å Charge based separation: a molecular 

level separation. 
Å Solvent dispersion: for nanoparticles, 

colloidal, nanotubes. 
Å Sonication: extra energy to help. 
Å Use of dry air jet stream. 

 



Quick go over: Basic principle of sample preparation 2- substrate 
 



HOPG 500 x 500nm            HOPG atomic resolution 

HOPG                                            Mica                                       Au (111) 

Quick go over: Popular Substrates for AFM Sample Preparation 
 



Quick go over: Basic principle of sample preparation 3- Immobilization 
 



Quick go over: Surface Chemistry for Immobilization 
 

ÅTerminal functional group provide variety of potential 
immobilization mechanism 

ÅPhysical immobilization: electrostatic, 
hydrophilic/hydrophobic interaction 

ÅChemical immobilization: hydrogen bond, covalent bond 



Glass slides 

5 nm and 10 nm gold on glass slides 

Cleaning process: 
ÅConcentrated H2SO4 

ÅMilli-Q water rinse 
ÅN2 dry 
ÅKeep in high temperature 120 C oven 

Cantileve recommendation 

imaging mode cantilever type 
Cantilever spring 
constant resonance frequency 

Tapping Tapping 40 N/m 300KHz 

Tapping Tapping 40 N/m 150KHz 



Some Practical Examples of AFM Sample preparation 

ωExample 1: Nanotube 

ωExample 2: Nanoparticle 

ωExample 3: Self-assembled monolayer (thiol, silane) 

ωExample 4: Graphene 

ωExample 5: Lipid bi-layer 

ωExample 6: Calcite crystal surface 

ωExample 7: porous alumina 

ωExample 8: Perfluoralkyle Alkane 

ωExample 9: 2D patterns 

 

 



ωExample 1: Nanotube 



ωExample: Nanotube 

ÅHigh current discharge between 
cathode and anode under high 
vacuum, current ~100A, 40V 

ÅElectrodes made of graphite with 
high purity and metal catalysts 

ÅDissolve in ethanol with ultrasonic 
sonication 

ÅNecessary separation with centrifuge 
ÅSolution drop dried on silicon surface 
ÅHeating to 50 degree C  

 
 

ÅAFM imaging in air 
 
 

K.Safarova et al. Modern Research and Educational Topics in Microscopy. FORMATEX 2007  

Cantileve recommendation 

imaging mode cantilever type 
Cantilever spring 
constant resonance frequency 

Tapping Tapping 40 N/m 300KHz 

Tapping Tapping 40 N/m 150KHz 


