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GaAs/AlGaAs heterojunctions and transport properties of two-

dimensional electron gas 
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  Preface: 

The majority of electronic and optical modern devices are based on two dimentional systems. One of these 

systems, two dimensional electron gas (2DEG) is typically presented in a modulation-doped  GaAs/AlGaAs  

heterostructure at the interface between  GaAs  and  InGaAs  layers. These heterostructures are fabricated 

using Molecular Beam Epitaxy (MBE) growth procedure.  

Transport measurements under magnetic field (both weak and strong) provide a vast amount of information 

about the parameters of the 2D electron gas. They have also opened the large new area of quantum Hall 

effects, a major advance in solid -state physics. 

   

  The purpose of the experiment: 

1. The low temperature investigations of classical and quantum transport properties of two dimensional 

electron gas. 

2. The study of the basic principles of the lock-in technique for transport measurements.   

 

  Description of the experimental equipment: 

1. Lock-in amplifier SR-510 Stanford Research Systems for low noise resistance measurement using small 

signals. 

2. Temperature controller Lake Shore Model 331 and GaAs sensor TG-120 PL for monitoring samples   

temperature in the range 4.2 - 300 K. 
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3. Superconducting coil - Magnet and Oxford PS 120 Superconducting Magnet power supply for producing 

magnetic field up to 5 Tesla. 

4. Keithley 2400 SourceMeter for a source of gate bias. 

5. Helium storage container (Dewar). 

6. Insert probe. 

  

  Preparatory questions: 

1. How is 2DEG formed? 

2. How does the 2D density of states depend on energy? 

3. What is Matthiessen's rule? 

4. What are the main assumptions of Drude theory of electrical conductivity? Drude formula? 

5. What is the classical Hall effect? 

6. How do electrons behave in strong magnetic field (classical and quantum behavior)? 

7. Shubnikov - de Haas oscillations and Integer Quantum Hall effect. 

8. What is the advantage of four terminal resistance measurement? 

9. What is the lock-in amplifier technique used for? 

 

  Description of experimental setup: 

 

Figure 1: The sample: a,b - current ohmic contacts, c-f - voltage Ohmic 

contacts, g - gate 
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The socket with the sample containing two dimensional electron gas (2DEG) at  GaAs/AlGaAs  

heterostructure (see Fig. 1) is mounted to low temperature insert-probe. The probe is then inserted into liquid 

helium container which has a superconducting magnet inside. Electrical circuit is connected according to the 

scheme shown on Fig.2 and the following 5 experiments have to be performed.  

 

 

 

 

Figure 2: The measurement setup 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: The measurement setup 

 

1. The resistance of the sample will be measured as a function of temperature between room temperature and     

4.2 K during the cooling down procedure at zero magnetic field. 

2. The Hall effect in the range of the magnetic field between 0 to 5 Tesla will be measured at 4.2 K and at 

zero gate bias. 

3. The Hall resistance will be measured versus gate voltage at constant low magnetic field value. 

4. Variation of the longitudinal resistance at magnetic field in the range between 0 to 5 Tesla at 4.2 K will be 

measured. 

5. The longitudinal resistance at a fixed value of the magnetic field as a function of the gate voltage will be 

measured. 

 

 

 

 

Lock- 

   in 

       
500 ACV 

Power 

supply 

SourceMeter 

Computer 

Probe 

Cryostat 

Sample 

Magnet 



 4 

  Data analyses: 

1. From the data of the first experiment the sheet resistance will be calculated and plotted as a function of 

absolute temperature. 

2. From the data of the second experiment the carrier concentration of the 2DEG will be calculated (using 

low magnetic field range). The integer values of quantized Hall resistance at high magnetic field range and 

corresponding   magnetic fields will be tabulated. 

3. From the data of the third experiment the carrier concentration as a function of the gate voltage will be 

plotted. 

4. From the data of the fourth experiment ShdH oscillations will be plotted as a function of 1/B. 

5. From the data of the 5'th experiment ShdH oscillations will be plotted as a function of the gate voltage. 

    

  Results and discussions: 

1. Explain temperature dependence of the 2DEG resistance. 

2. Calculate capacitance per unit area between the gate and 2DEG and compare it with experimental data. 

3. Calculate the values of the magnetic field at which filling factor is integer. Check that Hall conductance 

attains the same integer values in units of e2/h.  

4. Using the measured value of electronic density and capacitance compare the value of periods of ShdH 

oscillations versus magnetic field and gate bias with theory of the ShdH oscillations.  

5. Using the all measured parameters and the given value of the effective mass calculate the Dingle time. 

Compare the Dingle time with the transport one. 

6. Tabulate the transport microscopic parameters for zero gate bias at 4.2 K, namely: electron density, 

mobility, relaxation time, Dingle time, Fermi energy. 

 


