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A B S T R A C T   

We observe a temperature-independent point Bc in the longitudinal resistance Rxx of a GaAs-based 
two-dimensional electron gas in the quantum Hall plateau-plateau transition. This allows us to 
revisit the spin-degenerate plateau-plateau transition and use the Rxx peak movement with 
respect to Bc at various temperatures T so as to calculate the critical exponent κ. We suggest that 
one measures the maximum of the derivative of Hall resistivity dρxy/dB ~ T− κ as well as the 
movement of Rxx at different temperatures, allowing one to measure κs using two independent 
methods. When the peak movement is so large that the resistance peak is no longer in the vicinity 
of Bc, a largely deviated κ = 0.54 ± 0.04 from the value (0.21 ± 0.02 ) in some spin-degenerate 
system can be measured.   

1. Introduction 

The plateau-plateau transition in the quantum Hall (QH) regime, which is perhaps one of the most studied quantum phase tran
sitions, can be observed by changing the magnetic field B applied perpendicularly to the plane of a two-dimensional electron gas 
(2DEG) near absolute zero temperature T=0 [1,2]. Between two adjacent QH plateaux, there are a peak in the measured longitudinal 
resistance Rxx and a riser in the Hall resistivity ρxy [1]. In the pioneering work done by Wei and co-workers [1], by studying the 
maximum of dρxy/dB ~ T− κ at various temperatures, the critical exponent κ was determined to be 0.42 ± 0.04 for a spin-split pla
teau-plateau transition [1,2]. We would like to point out that the exponent κ depends on spin/valley degeneracy. For a spin-degenerate 
plateau-plateau transition, κ is measured to be 0.21 ± 0.02 [3]. Moreover, we note that in the work of Wei et al., no clear 
temperature-independent point in the longitudinal resistivity ρxx was observed [1]. Furthermore, the measured critical exponents 
cover a wide range of values (0.15 ≤ κ ≤ 0.81) [1,4-8], and it has been argued that the value of κ may not be universal [4]. On the other 
hand, it has been shown that in AlxGa1− xAs/Al0.33Ga0.67As heterostructures over a range of Al concentration x, for x between 0.65 % 
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and 1.6 %, where the dominant contribution to disorder is from the short-range alloy potential fluctuations, perfect power-law scaling 
in the temperature range with a critical exponent κ = 0.42 ± 0.01 is observed for a spin-split plateau-plateau transition [5,6]. In 
addition to experimental works and considerable efforts of numerical simulations over the years, a consensus on quantum Hall 
transition scaling behavior has not been reached [9–11]. 

It is worth mentioning that between a plateau-plateau transition, the peak position in B of the measured ρxx can increase with 
increasing T [1,12,13]. Such an effect was often overlooked but has been ascribed to a feature of scaling behavior of standard quantum 
Hall theory [12,13]. In order to further study such an interesting phenomenon, we measure a weakly disordered 2DEG. Moreover, we 
re-analyze some experimental data taken on a different 2DEG [14]. We find that it is possible to obtain the critical exponent κ from the 
movement of the resistance peak position in magnetic field with respect to a critical field Bc between two quantum Hall plateau at 
different temperatures [15]. However, in order to obtain the correct critical exponent, one must compare κ extracted from the peak 
movement in magnetic field with respect to Bc with that determined the maximum of dρxy/dB at different temperatures. If the peak 
movement goes way beyond the vicinity of the critical magnetic field, the measured κ may show large deviation from that determine 
from the usual method based on the maximum of dρxy/dB at different temperatures. 

2. Sample preparation and measurement setup 

Sample A was grown by molecular beam epitaxy (MBE) and consists of a 20-nm-wide Al0.33Ga0.67As/GaAs/Al0.33Ga0.67As quantum 
well. The following layer sequence was grown on a GaAs (100) semi-insulating (SI) substrate: 50-nm-thick undoped Al0.33Ga0.67As, 20- 
nm-thick GaAs, 40-nm-thick undoped Al0.33Ga0.67As, 40- nm-thick doped Al0.33Ga0.67As, and finally a 17-nm-thick GaAs cap layer. 
Importantly, the growth of the 20-nm-wide GaAs quantum well was interrupted at its center; the wafer was cooled from 580 ◦C to 
525 ◦C. The shutter over the In cell was opened for 80 s which allows the growth of 2.15 monolayer of InAs. A 5-nm-thick GaAs cap 
layer was then grown at 530 ◦C, before the substrate temperature was increased to 580 ◦C for the remainder of the growth [16,17]. In 
sample A, self-assembled InAs quantum dots, typically 4 nm in height and 28 nm in diameter, are formed near the center of the GaAs 
quantum well [16]. The charge density and mobility were n = 1.30 × 1015 m− 2 and μ = 1.01 m2/Vs. For sample B, the MBE layer 
sequence on a GaAs (100) SI substrate was as follows: 30-nm-thick GaAs, 30 periods of a 2-nm AlAs/2-nm GaAs superlattice, 
1-µm-thick GaAs, 20-nm-thick Al0.33Ga0.67As, A Si-doping layer with a concentration of 1018 cm− 3, 40-nm-thick Al0.33Ga0.67As, and 
finally a 5-nm-thick GaAs cap layer [14]. The charge density and mobility were n = 3.24 × 1015 m− 2 and μ = 22.0 m2/Vs. Moreover, 
the contact resistances were measured to be around 25 Ω. The two devices were made with a Hall pattern by standard wet-etching 
processes and optical lithography. AuGeNi alloy was evaporated and annealed to form Ohmic contacts to the 2DEG. 
Low-temperature experiments were performed in a top-loading He3 cryostat (Sample A) and a He4 cryostat (Sample B). Standard ac 
magnetoresistance measurements were performed using phase-sensitive lock-in techniques. 

3. Results and discussion 

Fig. 1 shows the longitudinal resistivity and Hall resistivity measurements taken on Sample A at different temperatures. A clear ν=4 
to ν =2 QH plateau-plateau transition is observed. Here ν is the Landau level filling factor. It is worth mentioning that we have observed 
the key feature, which is a critical magnetic field Bc in ρxx in the seminal work by Pruisken [15]. Such a critical point is not always 
observed in a 2D charge system, thereby hindering one from testing Pruisken’s theory [1,13]. At different temperatures, the ρxx peak 
movement with respect to Bc in magnetic field (see Fig. 1) can be described by the following Eq. [15] 

ln(Bmax − Bc) = κlnT + const, (1) 

Fig. 1. Longitudinal and Hall resistivities of sample A at different temperatures. A critical magnetic field Bc in which ρxx is temperature-independent 
between the ν=4 and ν=2 quantum Hall states is observed. 
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where Bmax corresponds to the peak position in magnetic field at different temperatures. By plotting ln(Bmax − Bc) versus lnT, one can 
determine κ which is the slope of the linear fit. As shown in Fig. 2 (a), The standard method regarding the maximum of dρxy/dB ~ T − κ 

at various temperatures allows us to measure κ = 0.22 ± 0.02, close to the expected value 0.21. In contrast, the method regarding the 
peak movement yields κ = 0.31 ± 0.02, which is slightly higher than the expected value of 0.21 as shown in Fig. 2 (b). Nevertheless, 
our experimental results, for the first time, indicate that one can measure the critical exponent κ following the method described by Eq. 
(1). Whether the determined κ is reliable or not is a different matter. 

In order to further probe the plateau-plateau transition by the movement of the resistance peak between two adjacent QH states, we 
re-analyze the experimental data that we obtained previously (Sample B) [14]. Fig. 3 shows the longitudinal and Hall resistances of 
Sample B as a function of magnetic field at different temperatures. As shown in Fig. 3, two clear critical fields Bc1 and Bc2 can be 
observed. These allow us to measure the critical exponents for both the ν=8 to ν=6 and ν=6 to ν=4 plateau-plateau transitions using 
the method described by Eq. (1). Importantly, we can also determine the critical exponents using the results on the maximum of 
dρxy/dB at different temperatures independently. Such results are shown in Figs. 4 (a) and 4 (b). For the ν=8 to ν=6 plateau-plateau 
transition, both methods yield κ close to the expected value (0.21). For the ν=6 to ν=4 plateau-plateau transition, the Hall resistivity 
data allow us to determine κ = 0.25 ± 0.02, which is close to the expected value. In contrast, the method using Eq. 1 yields a value κ =
0.54 ± 0.04, which deviates from the expected value of 0.21 a lot. This critical value is close to the measured value for a GaAs-based 
hole gas [18]. In their case, the spin-orbit coupling is important [18]. However, in our study, we note that for sample B, the measured 
κ’s for the 8-6 transition using both methods are both close to the value of 0.21 measured in some spin-degenerate charge systems [3]. 
Only when the peak movement is not in the vicinity of the crossing point, the measured κ = 0.54 ± 0.04 deviates from that 
(0.23 ± 0.03) determined from the conventional method. Moreover, spin-orbit coupling is not significant in our GaAs-based two-di
mensional electron systems. Therefore, here we suggest that the measured κ = 0.54 ± 0.04 is not due to the spin-related effect, but 

Fig. 2. (a) ln|dρxy /dB|max versus ln T for Sample A. The slope of the linear fit yields κ. (b) ln(Bmax − Bc) versus ln T for Sample A. The slope of the 
linear fit allows us to calculate κ. 
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Fig. 3. Longitudinal resistance and Hall resistances of sample B at different temperatures. A critical magnetic field Bc1 (Bc2) in which Rxx is 
temperature-independent between the ν=8 and ν=6 (ν=6 and ν=4) quantum Hall plateau-plateau transition is observed. Adapted from Ref. [14]. 

Fig. 4. (a) ln|dρxy /dB|maxversus lnT for Sample B. The slopes of the linear fits yield κ for the 8-6 and 6-4 transitions. (b) ln(Bmax − Bc) versus lnT for 
Sample B. The slopes of the linear fits allow us to calculate κ for the 8-6 and 6-4 transitions. 
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possibly due to the fact that the peak movement is far away from the critical region. It has been suggested that in order to get a correct 
critical exponent, it is essential that the scaling analysis must be performed near the critical point [19]. Here we propose a possible 
reason for this. It has been suggested that in order to get a correct critical exponent, it is essential that the scaling analysis must be 
performed near the critical point [19]. In our case, the resistance peak movement is so large that the peak position is no longer in the 
vicinity of Bc, thereby resulting in a substantially larger κ than the expected value. Therefore, our experimental results indicate that in 
order to obtain the correct critical exponent κ, which is the key parameter in the QH plateau-plateau transition, one must measure both 
the longitudinal and Hall resistances at different temperatures so that one can determine κ using both the conventional method using 
the maximum of dρxy/dB (T) as well as the method based on the peak movement with respect to the critical magnetic field. In this work, 
the conventional method based on the Hall resistance data appears to be more reliable as κ is close to the value (0.21) in all cases. 

4. Conclusions 

In summary, we have demonstrated that by studying the ρxx peak movement with respect to the critical magnetic field, it is possible 
to extract the critical exponent κ in the quantum Hall plateau-plateau transition. In some case, the measured κ is close to the expected 
value of 0.21 for a spin-degenerate QH plateau-plateau transition. Nevertheless, the measured κ could be vastly different from that 
determined from the conventional method using the maximum of the derivative of Hall resistivity at different temperatures. Thus, our 
experimental data indicate the conventional method based on the Hall resistivity data at different temperatures is a more reliable 
method. We would like to suggest that further experimental work should be done on various 2D systems such as GaN-based 2DEGs 
[20–22], graphene-based 2D systems [23,24], and two-dimensional materials like InSe [25] in order to further study the 
plateau-plateau transition. Additionally, by comparing the values extracted from different methods, we might be able to propose a 
novel method to probe the intrinsic properties of a 2D system. 
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