
https://research.tue.nl/en/studentTheses/2717642e-519b-4ad6-884c-97797d32bd55


... 

QUANTUM MACNETOCONDUCT ANCE OF 

THE TWO-DIMENSIONAL ELECTRON C.AS 

ON A LIQUID HELIUM SURFACE 

Richard van de Sanden, juni 1987 

.. 

Verslag van een afstudeeronderzoek in de groep Lage Temperaturen 

van de vakgroep Vaste Stof, onder begeleiding van Rob van der 

Heijden. 

Afstudeerhoogleraar Frof.dr. H.M. Gijsman 





Contents 

Chapter 1 Introduetion 

II 

page 

1 

Chapter 2 Theory 4 

2.1 Electrons on the surface of liquid helium 4 

2.2 The mobility of the 2DEC on a liquid helium surface 9 

2.3 The conductivity of the 2DEC in a magnetic field 13 

2.4 Simple physical intepretation in a diffusion picture 22 

Chapter 3 Setup 26 

3.1 Outline of the experimental setups 26 

3.2 The experimental cel! 28 

3.3 Electrical connections; determining the helium height 30 

Chapter 4 Analysis of th3 experimental procedure 34 

4.1 The a.c. measurements 34 

4.2 Methods of analyzing the experimental data 35 

4.3 Comparison of the simplified and the dynamica! model 43 

4.4 Experimental tests of the model calculations 54 

4.5 Influence of the excitation voltage Va 62 

Chapter 5 Resul ts 64 

5.1 Determination of the mobility as function of the 

temperature T: the classica! magnetoconductance 64 

5.2 The magnetoconductance in the quanturn limit 67 

Chapter 6 Conclusions and suggestions 73 

Raferences 76 

Appendix 80 

Dankwoord 





Introduetion I 2 

electron systems and essential parameters, such as the number of 

scatterers, the electron-ripplon coupling and the electron density, can 

be varled over a considerable range, the 2DEG on the surface of liquid 

helium is very suitable to test electron transport theories. An 

important parameter in these theories is the conductivi ty a of the 

electron gas. 

electrans on He Si-MOS GaAs/AlxGa1-xAs 

Eo (meV) 0.7 5-50 20-40 

no (m- 2 ) 109 -1013 1015_1017 1015_1016 

Er (meV) 1o-7-1o-3 1-50 2Q-100 

J.L ( m2 IV • s) 107 103 105-106 

Table 1 Some typi.oû ual_ues of pa.r'l.meters in 2DEG on a. U.quid hel.ium 
surface and. in sel•ticond'.lctCJi" structures: Eo binding energy, no electron 
density, Er Fermi energy and. J.L mobil.ity. 

In this report the conductivi ty a of the electron gas in high 

magnatie fields perpendicular to the surface is measured as function of 

magnatie field 8. One of the interesting aspects of a high magnatie 

field from a fundamental point of view, is the fact that the motion 

parallel to the surface is confined to Landau orbits, and as a 

consequence the energy spectrum is completely discrete. The system is 

now fully quantized. Electron transport theories in 2DEG in high 

magnatie fields play an important role in the understanding of quanturn 

phenomena such as the quanturn Hall effect (QHE) [33] or the fractional 

quanturn Hall effect (FQHE) [42] in semiconductor devices. The study of 

the conductivity of the 2DEG on a liquid helium surface is therefore not 

only interesting from a fundamental point of view, but could give some 

more insight in the phenomena appearing in semiconductors. Some typical 

differences between 2DEG on a liquid heliurn surface and 2DEG in 

semiconductor structures are shown in table 1 [6]. The accupation factor 

v = 2nn0 22 • which is the nurnber of occupied Landau levels. is for 

typical densities (see table 1) and a magnatie field 8 = 4 T 

approximately 1 % in the case of the 2DEG on a liquid heliurn surface. 































Theory I 17 
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Figure 2.5 The broadening of the Landau level due to collisions. 

From these qualitative considerations, it can be concluded that the 

conductivity of the ZDEG on a liquid helium surface in a high magnetic 

field depends much on the particular form and width of the Landau 

levels. 

Saitoh [37,38,39] calculated the broadening of the Landau level due 

to collisions with ripplons. Later in this paragraph we shall briefly 

report his results in the case of high magnetic fields . 
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Figure 2.6 The calcula.ted densi ty of sta.tes by Ando and Uemura. in the 
self consistent Bom a.pproximation (SCBA). 

So far, theoretica! treatments of the Landau level broadening due to 

helium vapour atom scattering have not been found in the literature. 

However the relaxation time Tv due to vapour atom collisions is indepen-























Setup I 28 

imental cell used in both cases was the same. 

To achleve temperatures in the range 0.1-1.5 K we made use of a 3 He 

circulating dilution refrigerator. For an extensive description of the 
3 He circulating refrigerator, we refer to ref. [43]. The cryogenic part 

is shown in fig. 3.2. 

The dilution refrigerator is accomodated in a setup consisting of a 

liquid nitrogen cryostat (T = 77 K) and a liquid helium cryostat 

(T = 4.2 K). The part of the dilution refrigerator below 4.2 K is sealed 

in a stainless steel vacuum chamber in the llquid helium cryostat. 

Inside this vacuum chamber the expertmental chamber (a cyllndrical 

stainless tube of 35 mm diameter and 100 mm height) is soldered on the 

top of the mixing chamber. A slntered layer of 90% copper and 10% French 

silver on the exterior top of the mixing chamber facilitates the heat 

exchange between the mixing chamber and the liquid helium sample for the 

experiment. The experimental chamber can be filled in the same manner as 

described earlier. A superconducting coil can be mounted around the 

vacuum chamber. A severe problem in this setup is the liquid helium 

level inside the experimental chamber during au <!xped.nent. This ·shall 

be discussed later in this chapter. 

The temperature in the expertmental setups is measured with carbon 

resistance thermometers. For the temperature range 1.1-2.2 Kan Allen & 
Bradley resistance is used, for temperatures below 1.1 K a thermometer 

of the Speer type is used. The thermometers were placed in the neigh­

bourhood of the experimental cell. 

3.2 The experimental cell 

The experimental cel!, shown in fig. 3.3a, is used in both experi­

mental setups and is similar to the cell used in the earlier experiments 

[44,45,9,22]. The reason for a new design were the dimensions of the old 

cell which did not fit in the dilution refrigerator. Other consider-
/ 

ations, such as to simplify electrostatle calculations, were also taken 

into account and had mainly consequences for the guard ring (see later). 

The design which resulted is a mixture of the old cel! and a cell used 

in experiments in refs. [9,44,45,55]. 

The experimental cell consist of two parts. The upper part, which is 

made of two brass plates, four spacers and a spring, is used to adjust 
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3.3 Electrical connections, deterrnining the helium height 

Figure 3.4. shows the electrical connections of the lower part of 

the experimental cel!. 

Figure 3.1,.. The e1.ectrica1. col'11l.ections of the 1.ower part of the 
expertmentaL ce1.1.. For expl.anation see text. 

During the coudul:tivi ty measurem::.nts, the guard ring and upper plate 

are at constant potentlal -V0 and -Vp respectively. The ring electrode 

is grounded and is together with the center connected to a conductance­

capacitance bridge operatingat bridge frequency f, usuallyin the range 

1 - 10 kHz. The electrans are supported on the helium surface by heating 

the tungsten filament a few times until saturation occurs, i.e. the 

potentlal of the electron layer on the helium surface is equal to -Vp. 

The positive pole of the power supply is connected to the guard ring. 

This makes sure, together with the negative voltage on the plate, that 

the electrans are blown towards the helium surface. In the dilution 

refrigerator this technique may cause problems, since below 1 K the 

necessary helium vapour above the liquid helium level is absent and the 

electrons, when arriving with a kinetic energy greater than 1 eV (see 

fig. 2.1) are shooted into the liquid helium. This problem is solved by 
I 

depositing the electrans on the helium surface when the temperature is 

1.2 K, and then cooling down to lower temperatures. This procedure 

caused an other well known problem which we shall discuss later. 

The superconducting coil (not shown in fig. 3.4) is connected to a 

current supply which can supply currents up to 120 A. The critica! 

current of the coil is 40 A which corresponds to 4 T. 

The upper plate together with the guard confines the electrans in 


















































































































