
MEASUREMENT 2009, Proceedings of the 7th International Conference, Smolenice, Slovakia 

 254

The Magnetoplasmic Measurements of the Carrier Density and  
Mobility in Semiconductors 

1Z. Jankauskas, 1V. Kvedaras, 1,2R. Gaivenis 
1Department of Electrical Engineering, Vilnius Gediminas Technical University, 

Sauletekio av. 11, LT 10223, Vilnius, Lithuania 
2Computer Software Department, Vilnius College in Higher Education,  

J.Jasinskio Str.15, LT 2600, Vilnius, Lithuania 
Email: zigmantas.jankauskas@el.vgtu.lt  

Abstract. Many semiconductor materials manufactured by the help of nanotechnology have 
the charge carriers of different type and mobility. Already existing carrier density and 
mobility measurement methods are not accurate enough for the case of several carrier 
components. The use of the magnetoplasmic waves provides a simple and most precise way to 
determine the density and mobility of each type of the carriers (electrons and/or holes). 
Magnetoplasmic Waves may be excited in semiconductors when the strong magnetic field H 
is applied. The semiconductor sample becomes partially transparent under these conditions. 
In the case of magnetoplasmic resonance within  each of carrier groups the transparence 
coefficient has maximum. For fixed values H and excitation frequency ω  the density and 
mobility of every carrier type can be found.  
Dispersion relation for two types of charge carriers is obtained and resonance curves are 
calculated. 
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1. Introduction 

Many semiconductor materials manufactured by the help of nanotechnology have the charge 
of different type and mobility. Already existing carrier density and mobility measurement 
methods are not accurate enough in the case of several carrier components. The use of the 
magnetoplasmic waves (helicons) provides a simple and more precise way to determinate the 
density and mobility of each type of the carriers (electrons and/or holes).  

Magnetoplasmic waves may be excited in semiconductors when the strong magnetic field H 
is applied and  large Hall currents may exist. In the case of magnetoplasmic resonance within 
each of carrier groups the transparency coefficient has maximum. For fixed values H and 
excitation frequency ω  the density and mobility of every carrier type can be found. 

2. Subject and Methods 

Let us consider a semiconducting plate with a electric coil placed on its surface. We shall for 
the sake of simplicity assume the semiconductor to be infinitely large. Let the semiconductor 
surface be parallel to the xy plane and  the z-axis be directed perpendicular to it. Then the 
electrical current has only one component along the y-axis, and the magnetic has one along 
the x-axis. We assume, that the field Hx varies with time according to a harmonic law 

aztHx ==Η ,cosω ,     (1) 
Where a is the thickness of the plate along z-axis [1]. The currents induced in the 
semiconductor sample are directed in such a way so as to counteract the penetration of the 
field. As a result the varying magnetic field within the semiconductor will be other than zero 
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only to a certain deph (skin depth). If the semiconductor plate is at the same time placed into 
the strong magnetic field 0HH x = , the Hall currents xj  appear and helicon magnetoplasmic 
waves may be excited. Assuming that the conductivity of the plate is provided by electrons 
with an isotropic mass we have the following equations of motion for the current components 

xj  and yj  
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where N, e, m and τ  are the density, charge, mass and collision time of the electrons, xE  and 

yE , are the varying electrical field, and 0H  is the static magnetic field along the z-axis. 

The equations of motion (2) must be solved along with the Maxwell equations 
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The solutions of the system of equations (2), (3) were sougth in the form [2] 
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where the complex amplitudes HE
rr

, and I
r

 depend on only coordinate z and have the 
components x and y. Taking into account that 1−<< τω  = 1011 – 1013 Hz and ignoring the 
displacement currents in comparison with conductive ones we obtain a system of equations 
for the complex amplitudes of the varying magnetic field xH and yH  
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where the components of the conductivity tensor σ  are  
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The boundary conditions have the form 
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and the solutions of (5) satisfying (7) are 
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where ±k can be detected from the characteristic equation 
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The items with the argument −k are caused by the helicon magnetoplasmic waves.  
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3. Two types of charge carriers 

If the semiconductor sample contains two types of electrons with different densities and 
mobilities the characteristic equation for magnetoplasmic wave vector k can be written as 
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where 1N , 2N and 1u , 2u are the densities and mobilities of the different types of the charge 
carriers; 0μ  - magnetic permeability of vacuum. The resonant curves in dependence of 
magnetic field B  were calculated from (17) for various values of 1N , 2N , 1u , 2u , and 
angular frequencies ω , and are shown on Fig.1, 2. The resonant curves of amplitude and 
phase for forward wave K and reflected wave P from InSb plate in dependence of magnetic 
field B are calculated using program [3] for frequency f=300 MHz. Parameters of 
semiconductor plate: thickness a=5 mm, dielectric constant ε =15, charge carriers density 

32310*15,0 −= mN , charge carriers mobility 1125 −−= sVmu . 

The first main peak for TB 291 =  corresponds to the resonance of electrons with higher 
mobility 1u  (density 1N ). The second peak for TB 72 =  is responsible for the resonance of 
both carriers type with summary density ( 1N + 2N ). The heights of both peaks are proportional 
to the products ( Bu1 ) and ( Bu2 ) respectively. The comparison of experimental and theoretical 
resonant curves provides the possibility to calculate the parameters 1N , 2N , 1u , and 2u for 
both types of charge carriers.  

There are observed, that different sign of mobilities 1u and 2u  increase second and higher 
resonans maximums in resonant curves.  

Fig. 1 The resonant curves in dependence of magnetic field B  for: 

 a - 112
2

112
1 5,5 −−−− =−= sVmusVmu  , 323

21 10*15,0 −== mNN  ;  

b -  
112

2
112

1 5,*5.2 −−−− =−= sVmusVmu  , ,10*3,0 323
1

−= mN 323
2 10*15,0 −= mN : 

1 –  f=250 MHz, Kmax=4,01,  2 - f=300 MHz, Kmax =7,19, 3 - f=350 MHz, Kmax =2,74 
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4. Experimental verification 

The theoretical results were confirmed experimentally for the n-Ge semiconductor material. 
In Fig. 2 the experimental resonance curve is shown for the case f=25 MHz and specimen 
tickness d=3 mm. The relatively weak signal in detection coil for B=1,5 T pertains to the 
electrons with a higher mobility 0,65 112 −− sVm , and the stronger maximum for B=8 T – to the 
electrone with a smaller mobility 0,125 112 −− sVm . 

The measurements were performed of the National High Magnetic Laboratory, which is 
supported by MSF Cooperative Agreement No. DMR-0084173, by the state of Florida, and 
by the DOE. 

 

 Fig. 2  The experimental resonant curve in dependence of magnetic field B  

5. Conclusions 

The measurement of the charge densities and mobilities for the charge carriers of various 
types in semiconductor materials by the help of magnetoplasmic waves can be provided in 
contactless mode. Many semiconductors thus can be investigated if the high magnetic fields 
(~30 Tesla) are available. The measurement results are in compliance with the data obtained 
by the use of already existing methods. 
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