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clarity, where ∆𝜌𝑥𝑥 = 𝜌(𝐵) − 𝜌(0). Here, the maximum change in the resistivity ∆ 𝜌𝑥𝑥 𝜌0⁄  due to 

the weak-localization-like effect in Sample-A at T ~1.7 K is (∆ 𝜌𝑥𝑥 𝜌0)⁄ = 0.37 and that of the 

Sample-B is (∆ 𝜌𝑥𝑥 𝜌0)⁄ = 0.22. Such changes appear to be surprisingly large for weak localization. 

5.5 Influence of temperature on the WL-Like effect 

Next, we will explore more details about the fit extracted inelastic length, 𝑙𝑖 and the 

conductivity correction, ∆𝜎 as a function of temperature. Figure 5.4 exhibits the temperature 

dependence of the inelastic length, 𝑙𝑖 for the Sample-A and Sample-B, that was calculated using 

the fit extracted parameter 𝐵𝑖 . The 𝑙𝑖 at T = 1.7 K of the samples, A and B are 4.10 µm and 0.76 

µm respectively. The 𝑙𝑖 in both samples decreases monotonically with increasing temperature. In 

comparison, the elastic scattering length le for the samples-A and B at 1.7 K are 123 µm and 79 

µm respectively, and the characteristic width of the Hall-bar sample is W = 200 µm. Thus, the 

order of magnitude of W and le are the same although W > le. On the other hand, the li << le, roughly 

by a factor of 100. Sample-A with relatively higher electron density and mobility exhibits greater 

li and it differs from the Sample-B by a factor of ≈ 5. The fit extracted li values of both samples 

follows 𝑇−2 law curves above ≈ 3 K (solid lines in Figure 5.4), and data deviates from the fit 

curves showing a tendency of saturation at lower temperatures, see figure 5.4-inset [182-184]. The 

𝑇−2 behavior of the li in the given temperature range suggests that the inelastic scatterings of these 

samples may be mainly electron-electron type [24,125,126,177,185].  

Figure 5.5 exhibits the conductivity change ∆𝜎, for the two samples. Sample-A shows 

greater change in the conductivity due to the narrow negative magnetoresistance effect and ∆𝜎 in 

both samples becomes vanishingly small above T ≈10 K. Note that the logarithmic temperature 

dependence of the conductivity correction in the low-temperature limit can be viewed as a 

signature of WL effect in 2DES [148,186]. 
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Figure 6.3 Influence of MW power on the inelastic scattering length. 

This figure exhibits the MW power dependence of the fit extracted inelastic length li, for Sample-

B at 1.60 K and Sample-C at 1.55 K, as labeled in the graph. Dashed-lines are guides to the eye. 

 

Figure 6.3 summaries the fit extracted 𝑙𝑖, in both samples 𝑙𝑖 decreases monotonically with 

increasing MW power. Also, it indicates that the 𝑙𝑖 of Sample-B ≥ Sample-C throughout the 

examined power range. This behavior is similar to what we observed in the Chapter 5, where the 

temperature dependence study, the inelastic length was smaller in low mobility sample than the 

high mobility sample. It turns out that the influence of nominal power on 𝑙𝑖 is more pronounced in 

low mobility sample than the high mobility sample. For example, 50% drop in 𝑙𝑖 occurs at about 

P=8.5 mW for Sample-B, while it takes place at about P=2 mW in Sample-C. Possible 

explanations for the above behavior of the 𝑙𝑖 can be given as; i) the samples may experience 

dissimilar effective power at the sample site due to the difference in MW polarization angle, ii). 

the difference in sample conductivities may generate dissimilar MW attenuations at the sample 

site [191], and iii) the inelastic scattering rates at a given condition may be different from Sample-
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Figure 6.5 Major steps involved in the extraction of MW power dependent amplitude of the SdH 

oscillations.  

Panel (a) Exhibits the MW power dependence 𝑅𝑥𝑥 data in the range of  0 ≤ B ≤ 0.40 Tesla, of the 

Sample-C for 0 mW ≤ P ≤ 17.90 mW. (b)-(h) These panels exhibit the background subtracted  𝑅𝑥𝑥, 

i.e. 𝛥𝑅𝑥𝑥 data (open squares) and numerical fits (solid lines) using ∆𝑅𝑥𝑥
𝑓𝑖𝑡

=

−𝐴𝑆
′ 𝑒(−𝛼𝑇0/𝐵)𝑐𝑜𝑠 (2𝜋𝐹𝑆 𝐵⁄ ) at the indicted P. (h) Exhibits the temperature dependence of fit 

extracted 𝐴𝑆
′  vs. P, the solid line represent the linear fit to the data (j) Exhibits the calculated 

electron temperature ∆𝑇𝑒 vs P, here the solid line is a guide to the eye. 

 

exhibits the fit extracted 𝐴𝑆
′  vs. T, while the semi-log plot of 𝐴𝑆 

′  vs. T (inset) confirms the 

exponential damping of 𝐴𝑆
′  on T. Next, we will discuss the damping of SdH oscillations due to the 

applied MW of f=48.5 GHz at temperature, T=1.55 K. Figure 6.5 (a) indicates that increasing MW 
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power (P ≤ 18 mW) modifies the observed MR effects such that; it increases both zero field 

resistance i.e. 𝑅𝑥𝑥 at B=0 Tesla and MIMO amplitude, while it decreases the SdH amplitude. To 

extract damping of SdH amplitude, we performed a similar fit to the Δ𝑅𝑥𝑥 using ∆𝑅𝑥𝑥
𝑓𝑖𝑡

=

−𝐴𝑆
′  𝑒(−

𝛼𝑇0
𝐵

) cos(2𝜋𝐹𝑆 𝐵⁄ ) as shown in Figure 6.5 (b-h), here open squares represent the Δ𝑅𝑥𝑥 data 

while solid lines represent the fits. The fit extracted 𝐴𝑆
′  is shown in Figure 6.5 (i) as a function of 

MW power.  Then we extracted the electron temperature change Δ𝑇𝑒, under microwave excitation 

by using the dark measurements of SdH amplitude, i.e., 𝐴𝑆
′  vs. 𝑇 in figure 6.4 (h)) as a temperature 

calibration. Figure 6.5 (j) exhibit the determined Δ𝑇𝑒 as a function of MW power. Under these 

conditions, the electron temperature increases monotonically with MW power. In Sample-C, the 

rate of change in Δ𝑇𝑒 is about 0.015 K /mW. Here, modulation of SdH oscillations is an indication 

of electron heating effect due to the incident MW radiation. One can interpret the observed power 

dependence of 𝑙𝑖 as a results of changing electron temperature due to the applied MW on the 2DES, 

that enhance the scattering events, eventually decreasing the inelastic length.  

In the second method, the influence of MW radiation on the zero-field resistivity was used 

as a measure of electron temperature. Figures 6.6 (a)-(e) exhibit the main steps that involved in the 

analysis of effective electron temperature using zero field resistivity. Experimental data and the 

analysis shown here represent such calculation for Sample-B as an example. Figure 6.6 (a) shows 

the effect of bath temperature, T that spans over 1.6 K < T < 4.2 K, on the magnetoresistivity data, 

𝜌𝑥𝑥 under dark conditions. As shown in the Figure 6.6 (b), the 𝜌𝑥𝑥 at B=0 Tesla under dark 

condition increases monotonically with increasing temperature. Similarly, we expect that the 

absorption of MW radiation may increase the effective electron temperature well above the lattice 
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Figure 6.6 Determination of effective electron temperature, Teff  using zero field resistivity data. 

(a) This  figure shows dark magnetoresistivity data i.e. 𝜌𝑥𝑥vs. B for -0.05 ≤ B ≤ 0.05 Tesla of 

Sample-B at different temperatures from 1.60 K to 4.20 K. (b) Exhibits the 𝜌𝑥𝑥 at B= 0 Tesla vs. 

bath temperature, T, solid line represent the best linear fit to the data. (c) Photo-excited 𝑅𝑥𝑥 data 

of Sample-B at various power are shown at MW frequency, f =48.5 GHz. (d) Zero field resistivity 

i.e. 𝜌𝑥𝑥 at B= 0 Tesla vs. MW power P, the solid line represent the best linear fit to the data (e) 

this panel shows the calculated effective temperature 𝑇𝑒𝑓𝑓 vs. P for the Sample-B. 
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temperature and consequently the zero-field resistivity may also increase. We used the temperature 

dependent zero field resistivity data as a temperature calibration to determine the effective electron 

temperature due to the energy absorbed from MW radiation. The figure 6.6 (c) shows typical 

microwave induced magnetoresistance data in the field range of -0.045 < B < 0.045 Tesla, under 

the excitation of frequency, f=48.5 GHz at various MW powers. Figure 6.6 (d) exhibits the effect 

of MW power on the zero-field resistivity, i.e.  𝜌𝑥𝑥 at B=0 Tesla, that increases monotonically with 

increasing MW power as expected. Slope and the intercept obtained from the linear fit to data in 

figure 6.6 (b) were used to calculate the effective temperature increment against the MW power. 

Figure 6.6 (e) exhibit the effective temperature vs. the MW power of the Sample–B at 1.60 K bath 

temperature. Here, the rate of change in Δ𝑇𝑒 is about 0.098 K/mW for Sample-B, and that for 

Sample-C is 0.183 K/mW, which are significantly greater than the Δ𝑇𝑒 calculated using the 

damping of SdH oscillations. 

Figure 6.7 Influence of MW induced electron heating on the inelastic scattering length. 

This figure shows the 𝑙𝑖 vs 𝑇𝑒𝑓𝑓 for Samples-B and C. Note that 𝑇𝑒𝑓𝑓 is the temperature calculated 

using zero field resistivity as shown in the figure 6.6. Solid lines represents 𝑇−2 law fit to the 𝑙𝑖 

data for Sample-B (Left ordinate) and Sample-C ( Right ordinate). 
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Figure 6.7 exhibit the inelastic length, li vs effective electron temperature, Teff determined using 

the zero-field resistivity data as described above. For both samples B and C, the 𝑙𝑖 data follows the 

𝑇−2 curve (solid-lines in Figure 6.7).  This is similar to the bath-temperature dependence inelastic 

length that is discussed in Chapter-5. The behavior of 𝑙𝑖 α 𝑇−2 suggest that the major inelastic 

scattering events may be the electron-electron type. One can understand the influence of MW on 

the inelastic length and the WL-like narrow negative MR effect as a consequence of electron 

heating due to the absorption of MW radiation by the 2DES. Absorption of MW results in 

increasing electron temperature and eventually that increases the electron-electron scatterings 

quenching the inelastic length 𝑙𝑖 as a function of applied MW power. 

Figure 6.8 Comparison of temperature dependence and MW power dependence inelastic lengths. 

Left ordinate represent the li extracted from temperature dependence data for Sample-B (see 

Figure-5.4) and the right ordinate shows the li extracted from MW power dependence WL-like 

narrow magnetoresistance data (see Figure 6.7) for the same sample. 

 

Figure 6.8 exhibits a comparison of inelastic length values of the Sample-B, i.e. 𝑙𝑖 calculated 

in Chapter-5, as a function of bath temperature T, and 𝑙𝑖 data shown in figure 6.7 with Teff  as the 

parameter. As we discussed in the Chapter-5, the 𝑙𝑖 deviates from the 𝑇−2law fit curves and shows 
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a tendency of saturation at low temperatures. However, unlike the temperature dependency of 𝑙𝑖, 

the values calculated in this chapter does not show any saturation, and it follows 𝑇−2 law curve 

even at the lowest effective temperatures, Teff. Moreover, as far as the effective temperature 

calculated using the zero field resistivity data is considered, one can observe that the rate of 

decreasing the inelastic length is higher in the presence of MW radiation. For example, consider 

Sample-B that discussed in Chapter-5, Figure 5.4; 50% change in 𝑙𝑖 occurs when the bath 

temperature is increased up to about 4.5 K. However, in the presence of MW, 50% drop in 𝑙𝑖 takes 

place when the calculated Teff is about 2.8 K. This result provides an insight that the MW radiation 

is more effective in decreasing the inelastic length and eventually destroying the phase coherence 

of the carriers in 2DES. However, further experimental and theoretical studies are needed to 

understand the effect of MW radiation on the inelastic scatterings events and the WL-like narrow 

negative-MR effect of the 2DES.  

 

6.5 Discussion and Summary 

In Chapter 5, we discussed the effect of bath temperature on the narrow negative MR effect 

that appears around zero magnetic fields. It shows that the fit extracted inelastic length 

monotonically decrease with increasing temperatures and it follows the 𝑇−2 law curves above ≈ 3 

K. Fit extracted inelastic length satisfy the condition, 𝑙𝑖 > 𝑙𝑆, suggesting that the observed narrow 

negative MR effect may be a result of a WL-like mechanism that originates from coherent back 

scattering due to small angle scatterings from remote ionized impurities in ultra-high mobility 

GaAs/AlGaAs 2DES. We observed a similar behavior in narrow negative MR effect around the 

null magnetic field upon photo-exciting the 2DES with relatively high power microwaves. MW 

power dependence study also exhibits that the fit extracted inelastic length monotonically 

decreases with increasing MW power. Suppression of the WL-like narrow negative 
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magnetoresistance can occur due to either electron heating effect or dynamic suppression of 

coherence backscattering events by the incident microwaves [96,195-197]. In this study, we kept 

MW frequency as a fixed parameter and varied the incident power. Therefore, at high power when 

the heating becomes the dominant effect, we assume that the resistivity/conductivity change under 

the influence of MW radiation mainly originates as a result of increasing the electron temperature 

[195]. Therefore, in this study, we further examined the electron heating effect due to the 

absorption of MW radiation power as one possible mechanism that suppress the WL-like negative 

magnetoresistance and associated inelastic length/time in these specimens. 

As theory suggest, the absorption of energy from MW radiation results in increasing the 

2D electron's temperature well above the lattice temperature. Even though the energy absorption 

rate is small in high-mobility 2DES at low temperatures ≈ 1 K, electron heating is still significant, 

because, in the same time, the energy dissipation rate to the lattice through electron-phonon 

scattering is also small. These mechanisms may lead to increase the effective electron temperature 

of the 2DES. Influence of MW power on the electron heating effect has been correlated to the 

simultaneous modulation of the SdH oscillations upon illumination. Studies show a strong 

modulation of SdH oscillations by illuminating with different MW frequencies in both low 

(
𝜔𝐶

𝜔⁄ < 1) and high 
𝜔𝐶

𝜔⁄ > 1 magnetic fields. Moreover, damping of SdH oscillation has been 

widely used as a technique to determine the carrier effective mass and single particle scattering 

time/length in 2DES. Also, it can utilize to quantify the electron heating under illumination of 

MW. In this chapter, we used a similar method used by Ramanayake et al. in 2013, to calculate 

the change in electron temperature due to the absorption of MW. Even though, note that the WL-

like narrow negative MR effect is observed around zero magnetic fields while the analysis of SdH 

oscillations was carried out in the range of 0.25 ≤ B ≤ 0.45 Tesla, which is above the expected 
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cyclotron resonance field under 48.5 GHz excitation, which is at B=0.1161 Tesla. The maximum 

MW energy absorption rate of GaAs-based 2DES occurs when the 
𝜔𝐶

𝜔⁄ = 1, and at its harmonics 

where 
𝜔𝐶

𝜔⁄ = 1
2⁄ , 1

3⁄ , 1
4⁄ ,  while it is relatively less when 

𝜔𝐶
𝜔⁄ > 1. At low fields which is 

smaller than the cyclotron resonance, GaAs/AlGaAs 2DES absorbs MW radiation energy through 

inter-Landau level transitions [96]. In this study, for the frequency,  f= 48.5 GHz, SdH oscillation 

appears when 
𝜔𝐶

𝜔⁄ > 1. Therefore, the energy absorption from the MW radiation field in the 

SdH region is relatively less than the low magnetic fields and zero magnetic field. As a 

consequence, one would expect that the change in the electron temperature is relatively less in the 

SdH oscillation region. It turns out that the calculated Δ𝑇𝑒 using SdH amplitude modulation data 

does not purely reflect the actual electron heating effect in the vicinity of  the null magnetic field, 

where we observe the narrow negative MR effect. However, damping of SdH oscillations and 

corresponding electron temperature calculations can still use as an indicator of electron heating 

effect due to the absorption of energy from the MW radiation. Further, analysis of SdH oscillations 

suggests that the observed power dependence characteristic of the narrow negative-MR feature is 

mainly due to the electron heating effect governed by the absorbed MW radiation. 

To understand the electron heating effect in the vicinity of the null magnetic field, we used 

another technique in which the effective electron temperature changes due to the absorption of 

energy from the MW radiation was calculated using zero field resistivity data. This method is 

discussed in Section 6.4. The results show that the effective electron temperature calculated using 

zero field resistivity is significantly greater than the values that were calculated using amplitude 

damping of the SdH oscillations. Here, for example, in Sample-C, the rate of change of electron 

temperature calculated using zero field resistivity data (0.183 K/mW) is about 12 times greater 

than the rate calculated using SdH oscillation data (0.015 K/mW). The observed mismatch in the 
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effective electron temperatures calculated using these two methods may originate from the 

dissimilarity in MW energy absorption rates by the 2DES, that highly depend on the corresponding 

B-field, as theoretically predicted by Lei et al. in 2005 [96]. 

In Chapter-5 We discussed the influence of bath temperature on the inelastic scattering 

length calculated for the same device structures (for example Sample -B). Figure 6.8 exhibit a 

comparison of inelastic scattering lengths calculated under two different conditions, i.e. i) as a 

function of bath temperature (as discussed in Chapter-5) and ii) as a function of effective electron 

temperature, that originates due to MW photo-excitation. The graphs exhibit that the inelastic 

scattering lengths are not identical and do not follow the same trend. In other words, the rate of 

change in inelastic length is more pronounced in the presence of MW radiation. For example, in 

Sample-B, 50% change in inelastic length 𝑙𝑖 occurs when the bath temperature is increased up to 

about 4.5 K. However, in the presence of MW, 50% drop in 𝑙𝑖 takes place when the calculated 

𝑇𝑒𝑓𝑓 is about 2.8 K. This led to further investigate other possible mechanisms that destroy the 

phase coherence of carries in the presence of MW. In 1981 Altshuler et al., proposed a theory 

regarding the effect of radio-frequency (rf) electric field on the quantum-mechanical correction to 

the conductivity/resistivity, which arises from the localization effect. This study suggested that the 

rf electric field should disrupt the phase of the carriers wave function and destroy the interference 

correction to the conductivity [197]. Later, in 1986, Vitkalov et al., reported an experimental 

findings about suppressing the localization effect of an inversion layer on the surface of silicon 

that subjected to MW radiation [195,196]. Radiation induced effect is pronounced when the non-

heating effect predominates at low power photo-excitation. Based on our observations and the 

available reports, it turns out that, in addition to the electron heating effect, MW may destroy the 

phase coherence of the electron’s wave functions thus suppressing the WL-like effects. Therefore, 
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one can expect an additional suppression/change in the inelastic length in the presence of MW 

photo-excitation. In other words, MW radiation may be more effective in decreasing the inelastic 

length compared to the temperature effect alone. However, additional experimental work is needed 

to further clarify the effect of MW on the inelastic scattering length in GaAs/AlGaAs 2DES and 

its effect on the radiation-induced magnetoresistance oscillations and other associated MR effects. 

Finally, it turns out that the observed MW power dependence narrow-negative MR feature can be 

mainly considered as a consequence of electron heating due to the energy absorbed from the MW 

radiation. The Energy absorbed from the radiation field thermalizes the system thus increasing the 

electron-electron scattering rate. This mechanism is confirmed by the fit extracted inelastic length, 

𝑙𝑖, which decreases with increasing MW power, indicating that the length between two successive 

dissipative electron-electron scattering events becomes smaller as a function of MW power. 

In Summary, we observed a significant modulation in WL-like narrow negative-MR effect 

under MW radiation with a relatively higher power. This effect is expected to originate as a result 

of excess electron heating well above the lattice temperature due to the absorption of energy from 

radiation fields.  We quantified the effective electron temperature change using two different 

techniques. It shows that the effective electron temperature calculations using zero field resistivity 

data is reasonable and the analysis consistent with the available theoretical predictions. One can 

conclude that the energy absorbed from the radiation field thermalize the 2DES system and 

increase the effective electron temperature, thus increasing the electron-electron scattering rate. 

As a result of increasing scattering rates, the inelastic length decreases and the associated WL-like 

narrow negative-MR feature in GaAs/AlGaAs 2DES disappears.  
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7 SUMMARY 

In summary, this dissertation focused on the analysis of experimentally observed low-

temperature magnetotransport properties in GaAs/AlGaAs 2DES specimens. i) Separation and 

investigation of the mutual influence between DC-current tunable negative-GMR and radiation-

induced magnetoresistance oscillations. ii) Effect of temperature on the WL-like narrow 

negative-MR effect around the null magnetic field, and iii) Effect of electron heating due to 

MW photo-excitation on the WL-like narrow negative-MR effect. 

 The experimental investigation carried out by applying supplementary DC-current in 

the presence of MW-radiation shows that 𝐼𝐷𝐶  tunable giant magnetoresistance can coexist with 

radiation-induced magnetoresistance oscillations in the GaAs/AlGaAs 2D electron system. The 

data analysis showed that these two effects are separable and can be separated using a two-term 

Drude multi-conduction model. It appears that the radiation-induced magnetoresistance 

oscillations have a minimal effect on the current-tunable non-oscillatory magnetoresistance. 

The results suggest that the supplemental 𝐼𝐷𝐶 serves to produce an overall decrease in the 

diagonal conductivity, and this serves to reduce and eventually eliminate the conductivity 

enhancements at the peaks of the radiation-induced oscillatory magnetoresistance.  

The analysis of the temperature dependence WL-like narrow-negative magnetoresistance 

effect offered three main outcomes of the study. First, the fit extracted inelastic length, 𝑙𝑖, 

decreased with increasing temperature, and followed 𝑇−2 law curve is suggesting that the main 

scattering events are the electron-electron type.  Secondly, the inelastic length 𝑙𝑖 holds the 

condition that the 𝑙𝑖 > 𝑙𝑒  at all the temperature range, which is not what would be expected for 

canonical weak-localization. However, the analysis of single particle scattering parameters, i.e. 𝜏𝑠 

and 𝑙𝑠 shows that 𝑙𝑖 > 𝑙𝑆, which suggests the interpretation that the observed small and narrow, 
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WL-like negative magnetoresistance effect originates from coherent backscattering due to small 

angle scattering from remote ionized donors in the high mobility GaAs/AlGaAs 2DES. Finally, 

the logarithmic temperature dependence of the conductivity change, ∆𝜎 further strengthens the 

claim that the observed narrow negative MR effect could be a manifestation of the well-known 

WL-like effect in metals and semiconductors. Additionally, we observed that the inelastic length 

deviates from the 𝑇−2 law curves and trends to saturate at low temperatures.  

The analysis of the experimental data suggests that the MW power dependent WL-like 

narrow negative-MR effect originates from the heat absorbs from the incident radiations. This 

result further confirmed by the calculated electron temperature changes using the MW-induced 

damping of the SdH amplitudes and the associated resistivity changes at the zero field. 

Surprisingly, the power dependence inelastic length follows the 𝑇−2 law curves, suggesting an 

electron-electron type inelastic scattering process that decreases the inelastic length as a function 

of applied MW power. However, there is no sufficient information to confirm the 𝑇−2 correlation 

and to describe the exact behavior of the MW power dependent inelastic length in terms of 

electron-electron scattering. The results suggest that the MW radiation is more effective in 

quenching the WL-like narrow negative-MR effect and decreasing the inelastic length compared 

to the bath-temperature effect. The observed mismatch between the calculated effective electron 

temperatures using two methods well described the B-field dependence of the MW energy 

absorption rate by the 2DES, as predicted by the theory. 

 We hope that the result presented here based on the experimental data and the analysis 

will contribute to a better understanding of the underlying physics behind the low-temperature 

magnetotransport properties of GaAs/AlGaAs 2DES, specifically, the results based-on negative 

magnetoresistance effects including both negative-GMR and WL-like narrow negative-MR. Also, 
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it would be interesting to correlate these results with the observations of radiation-induced 

magnetoresistance oscillations and acquire a better understanding of the 2DES under various 

external parameters. However, there are some interesting questions, still need to be answered; i) 

What is the interplay between negative-GMR and other MR effects other than MIMO? The 

method we introduced here to separate overlapping MR effects using Drude multi-conduction 

model can be even applied to extract and study other coexisting effects such as phonon induced 

resistance oscillations in a similar type of device structures. ii) We observed a saturation in 

inelastic length at low temperatures, the saturation of inelastic length does not satisfy the 

requirements of the inelastic model as proposed by Dmitriev et al. [97], in which the inelastic 

length/time is expected to increase as  𝑇−2 or 𝑇−1. This opens an opportunity to an extensive 

investigation of the temperature effect on the inelastic length in terms of the inelastic model, and 

it will contribute to a better theoretical understanding of the radiation induced magnetoresistance 

oscillations. iii) We observed that the elevated MW power modulates the narrow negative-MR 

effect around the zero field. It would be interesting to study the effect of high power MW on the 

negative-giant magnetoresistance and check whether electron heating effect modulates the GMR, 

iv) Finally, it is worth to study the effect of other parameters such as electron density, on the 

negative magnetoresistance effects in GaAs/AlGaAs 2DES. These interesting questions still need 

to be solved by carrying out additional experiments in the future.   
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