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Introduction

Microwave-Induced Resistance Oscillations (MIRO) 

Measurement

The 2DES under the consideration was the quantum well fabricated from 

high mobility GaAs/AlGaAs. The sample had eight indium ohmic contacts 

located at the corners and mid-sides of the rectangular surface as illustrated in the 

Figure 1. The current was allowed to flow from the contact I+ to I–, and the 

potential difference was measured between contacts 1 and 2. The resistance was 

then found as a ratio of the voltage drop to the current.

In order for MIRO to appear several manipulations were performed: 

 The sample was cooled down to the low temperature of 0.25 K. In order to 

achieve this extremely low temperature environment the HelioxTL 3He 

cryostat was employed.
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Semiconductors are essential materials in designing the majority of 

electronic devices nowadays, and due to their ongoing miniaturization, it is 

important to understand their quantum mechanical properties and behaviors. One 

of the ways of building this understanding is performing experiments on two-

dimensional electron systems (2DES). 

 2DES refers to an object consisting of a layer of semiconducting material 

which thickness is constrained to the nanoscale. 

This type of systems is of crucial importance since it shows a variety of interesting 

phenomena attracting the attention of condensed matter researchers all over the 

world. The idea that Carlos Wexler (professor in the university of Missouri-

Columbia and researcher in the condensed matter physics) proposed in one of his 

articles can be summarized as follows:

 Researching on this type of systems has recently provided one of the richest 

standpoints for advances in the condensed matter field, and it continues 

supplying researchers with opportunities for new fascinating discoveries [1]. 

For example, under certain conditions 2DES may exhibit:

o Shubnikov-de-Hass oscillations;

o Quantum Hall effect;

o Microwave-induced resistance oscillations [2];

o Magneto-intersubband resistance oscillations.

Therefore, it is desirable to have high quality samples and techniques to improve 

this quality in order to obtain data that allows more sophisticated investigation of 

the above stated and other phenomena.

Recent studies have reported a significant increase in the quality of 

fractional quantum hall states due to the application of the procedure of low-

temperature illumination and annealing (LTIA) [3]. Continuing the investigation 

on this subject the current research explores the effects of the LTIA procedure on 

the magnetotransport quality of a typical 2DES employed in cryogenic condensed 

matter experiments. Microwave-induced resistance oscillations (MIRO) were used 

as a probe of the quality change. Specifically, directly related to the quality, 

parameter of the quantum scattering time, which can be obtained from MIRO, was 

examined. 

In 2DES, MIRO appear at low temperatures (T ~ 1 K) and low magnetic 

fields (B < 1 T) under irradiation by the microwave frequency (f ~ 10-100 GHz). 

Theoretically, the oscillatory resistance component δρ (photoresistance) owing to 

MIRO can be described by the following set of relations [4]:

o ωc - cyclotron frequency;

o e - electron charge;

o m - electron effective mass;

o τq - quantum lifetime. 

Thus, as appears from the theoretical description, the quantum lifetime can be 

extracted from the decay of the MIRO amplitude with increasing ε.
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Figure 1: Schematic picture of the sample. Steady current of 5 uA was set to flow from 

the contact I+ to I-, and the voltage drop was measured between contacts 1 and 2 

producing the values of the resistance.

Figure 2: The figure illustrates the extraction of the oscillatory component of MIRO. 

The top curve is the total resistance ρ while the bottom curve is the extracted 

oscillatory component δρ. 

Figure 3: The figure demonstrates how shifting of the experimental magnetic field 

value eliminates the non-zero intercept at ε = 0 which evidently appears in the data 

before shifting. 

Data Analysis and Results

Intercept ≠ 0

Intercept = 0 

δρ = 0 at ε = N, N+0.5

δρ = min at ε = N+0.25

Conclusion

The experiment revealing the beneficial effects of the procedure of annealing 

and low-temperature illumination on the quality of magnetotransport in the 2DES 

has been conducted. The experiment and consequent data analysis showed that the 

application of the ALTI procedure increased the quantum lifetime characteristic of 

the sample by a significant amount (30%). Therefore, due to the direct relationship 

between the quantum lifetime and the quality of magnetotransport of the sample, it 

clearly appears that the ALTI procedure had a beneficial effect on the latter 

parameter. 

Moreover, the result of the conducted research has important practical 

implications. These implications refer to the introduction of a technique for 

2DES’s magnetotransport quality improvement. The application of this technique 

is simple and does not have large costs with respect to both time and funding, 

hence can be treated as practically applicable for a sample’s transport quality 

improvement during an experiment’s conduction, and it can be easily employed in 

researches conducted in the field of the cryogenic condensed matter physics.
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τq = 23ps τq = 33ps 

𝛿𝜌 ∝ − 휀 exp − 𝜀

𝑓𝜏𝑞
sin 2𝜋휀 , where

휀 =  ω 𝜔𝑐 , 𝜔 = 2π𝑓, 𝜔𝑐 = 𝑒𝐵/𝑚

 The first step in the analysis of data was to extract the oscillatory 

component of MIRO. The extraction was performed according to the 

following algorithm:

 The set of maxima and minima of the numerically determined first-

derivative of the original data was extracted. In this way, the values of the 

resistance and magnetic field corresponding to “zeros” of the oscillatory 

component were obtained. Interpolation of these values provided the curve 

for subtraction from the original data. Finally, the actual subtraction

resulted in the elimination of the background producing the purely 

oscillatory component of MIRO. As an illustration, the resulting 

oscillatory component of MIRO data after LTIA procedure is given in the 

Figure 2.

 The second step was to eliminate the magnetic field offset originating from 

the magnetic flux trapped in the superconducting magnet and determine 

the values of ε corresponding to the modified experimental data. For the

purpose of the offset elimination, the data for the magnetic field was 

shifted by a particular constant to ensure that the maxima (minima) of an 

oscillatory component of MIRO occur at ε equal to an integer minus (plus) 

a quarter obeying the behavior prescribed by the Eq. (1). The value of the 

required B-shift was found to be 0.9 mT and the offset in both sets of data 

for MIRO before and after the LTIA procedure was eliminated. The Figure 

3 shows ε for both maxima and minima as a function of 1/B before and 

after shifting obtained from the data for MIRO after the LTIA procedure. 

The period of MIRO was then determined from the slope of the line after 

shifting with the obtained value of 0.013 mT-1 being used to convert 1/B to 

ε. In addition, in order to confirm that the extracted oscillatory component 

vanishes at integer and half-integer ε and attains maximum (minimum) at 

integer minus (plus) a quarter as expected from Eq. (1), δρ as a function of 

ε is presented in the Figure 4 originating form the MIRO data after the 

LTIA procedure.

 After all of the preliminary manipulations τq was extracted. The reduced 

MIRO amplitude A = │δρ│max / ε was examined as a function of  ε. The 

amplitude │δρ│max was obtained from the average of neighboring maxima 

(minima) minus the minimum (maximum) in between. In this way, the 

values of A were obtained for all ε at which maxima and minima were 

observed. Then, the evaluated A values were plotted against ε on the log-

linear scale for both sets of MIRO data before and after the LTIA 

procedure and fitted with an exponential function of the form exp(ε/(f τq))

suggested by the Eq. (1), from which values of τq were readily determined. 

The Figure 5 shows the resulting plots together with the exponential fit 

functions that were used and calculated values of τq.

Comparing the obtained values of τq, being 23 ps before and 33 ps after 

the LTIA procedure, we conclude that the quantum lifetime increased by 

30%. In turn, this conclusion suggests the improvement in the 

magnetotransport quality of the sample triggered by the LTIA procedure.

 The sample was constantly illuminated by the high-frequency radiation of 34 

GHz. The radiation was transferred from the microwave radiation source to 

the sample via rectangular waveguide. 

 Time-varying magnetic field was applied perpendicular to the sample’s 

surface. The magnetic field was provided by a superconducting solenoid 

controlled by a power supply.

Low-Temperature Illumination and Annealing (LTIA) 

Procedure

After the initial cool down to 0.25 K, MIRO measurements were 

performed and the set of MIRO data before the LTIA procedure was obtained. 

Then, the sample was illuminated by light belonging to the visible range of 

wavelengths during 10 minutes (low-temperature illumination) and warmed up 

to the temperature of 3 K. The sample was exposed to the latter temperature for 

15 minutes (annealing) and brought back to 0.25 K. Finally, the second MIRO 

measurement was conducted producing the set of MIRO data after the LTIA 

procedure. Both sets were then compared and analyzed.
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Figure 4: The figure shows the oscillatory component δρ as a function of  ε. 

δρ = max at ε = N-0.25
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Figure 5: Reduced MIRO amplitude vs ε before and after the LTIA procedure.

Further, this increase is manifested in the enhanced number of observed oscillations 

resulting in a larger range of ε (7 versus 5) of the data given in the Figure 5.


