
April 13, 2004, University of Cambridge 

 

Methods of Continuous Scanning 
in Cluster and Nanoparticle Mobility Analysis 

Hannes Tammet 
Professor emeritus 

Institute of Environmental Physics 
University of Tartu, Estonia 

 

Classification of methods of mobility analysis according to: 
• air flow: drift tube, parallel flow, transversal flow, inclined flow; 
• recording of distribution: single channel stepwise scanning, single channel 

continuous scanning, multichannel measurement; 
• particle detection: CPC detector, external collector electrometer, internal 

collector electrometer, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Aspiration tube Drift tube 

Parallel flow Transversal flow Inclined flow 

Single channel Multichannel 

Stepwise scanning Continuous scanning 

CPC detector External collector Internal collector 
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Diameter-mobility relation for 

single charged particles. 

(Air, standard pressure, 20ºC) 
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Balanced Scanning Mobility Analyzer 

BSMA 
 

 

 

 

 

 

 

 

The bridge circuit 

 

 

 

 

 

 

 

 

 

Section of an aspiration condenser in BSMA 
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Filter step 3.5 
sheet 0.5, gap 3.0 
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Condenser width 260, HV electrode thickness 3.0 
Collector size 32.4×170.6, gap 1.3 
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BSMA2 
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Inclined Grid Mobility Analyzer 

IGMA 
 
 

 
 
 

 

Passage of ions of central mobility in an ideal modified IGMA. 

 
The mobility range of 0.05–3.2 cm2 V–1 s–1 is logarithmically distributed into 18 
fractions. The flow rate in the inlet slit is 0.05 m3/s. The air ion inlet is equipped 
with a controlled electrostatic filter that is used as a gate to close or open the ion 
entrance into the instrument. During the 3 minute recording period the mobility 
distribution is 9 times scanned through the full range, five times with open inlet 
gate and four times with closed inlet gate. 
 
The sheath air should be free of ions. A stack of plate electrodes is used as an 
internal electrostatic filter just before the grid. The ballast air is recirculated to the 
sheath air and passed on its way through a long electrostatic filter. 
 
The ions in the outlet are collected by a well-insulated and shielded electrostatic 
filter powered by an internal battery and DC-DC converter. The collector is 
connected to the ground through an electrometric amplifier. Electrostatic shielding 
from the high voltage deflector grid allows free manipulation with mobility control 
voltage. The deflector grid is connected to a RC circuit with a time constant of 
about 4 s. The capacitor of this circuit is quickly charged up to 6 kV and slowly 
discharged through the resistor with a period of 20 s. This assures the logarithmical 
scanning of mobility from the lowest to the highest value of the mobility range 
during the 20 s period. 

step 12.5 mm 

gap 20 mm
 

gap 2 + 18 mm 



Inclined Grid Mobility Analyzer 

IGMA 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ADVANTAGES AND DISADVANTAGES OF A PLAIN IGMA 
 

Advantages: 
• high mobility resolution, 
• easy to keep plug air flow in the instrument, 
• simple theoretical calculations, 
• calculated transfer function could be trusted without comparative calibration. 

 
Disadvantages: 

• one of the aerosol inlet or outlet is on high electric potential, 
• loss on charged particles on attracting grid, 
• driving voltage is not effectively used because the beam 

of monomobile particles does not fill the space between grids. 
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