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S1. DEVICE FABRICATION, SCHEMATICS AND CHARACTERIZATION
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FIG. S1. (a) Schematic of the device. Two gates Vbg and Vtg (with 30 nm thick hBN flakes as gate dielectrics

and thin graphite as gate contacts) are used to tune the number density and displacement field across the

flake. A silicon back-gate (with SiO2 as the gate dielectric) is used to dope the graphene contacts of the

device to prevent the formation of p-n junctions. (b) Landau level fan diagram for TLG measured at 7 K.

Color map shows the Rxx in log scale.

Bernal-stacked trilayer graphene (TLG), hBN, and graphite flakes are mechanically exfoliated

on Si substrates with a 300 nm thick top SiO2 layer. TLG flakes are first identified through color

contrast under an optical microscope and further confirmed using Raman spectroscopy [1, 2]. The

standard dry pickup and transfer technique is used to fabricate the heterostructure. The flakes

are picked up sequentially using polycarbonate (PC) film at T = 120◦ C in the following or-

der: graphite/hBN/TLG/hBN/graphite. The entire stack, along with the PC film, is transferred

on Si/SiO2 substrate at 180◦ C followed by cleaning in chloroform, acetone, and IPA solution to

remove the PC residue. The heterostructure is then annealed in vacuum at 300◦ C for 4 hours.

We employ electron beam lithography for defining the contacts on the heterostructure. This is

followed by etching with a mixture of CHF3 and O2 gases and metal deposition with Cr/Pd/Au

(3 nm/12 nm/55 nm) to create 1-D contacts [3, 4].

Avoiding the formation of p-n junctions is absolutely essential if the devices are to be operated

3



0 . 2 0 . 4 0 . 6 0 . 88

1 2

1 6

∆−1

T ( K )

κ = 0.43 ± 0.016  
ν =  8 / 3  t o  1 3 / 5

FIG. S2. Calculating κ from width of Rxx. Log-log plots of the inverse of the half-width of longitudinal

magnetoresistance Rxx versus T for PT between ν = 2 + 2/3 and ν = 2 + 3/5.

at high displacement fields [5–7]. We achieve this by doping the graphene contacts (that extend

out of both the graphite gates) to high charge-carrier density. A schematic of the device is shown

in Fig. S1(a). Two common kinds of TLG flakes are typically obtained during mechanical ex-

foliation: ABA (or Bernal-stacked) and ABC. ABC, being a metastable stacking [8, 9], generally

converts into ABA stacking during fabrication. These two phases are easily distinguishable by Ra-

man spectroscopy and transport measurements – displacement field opens up a band gap in ABC

TLG [10–12]. In contrast, a band gap does not open in ABA TLG.

Fig. S1(b) shows the Landau level fan diagram of the sample measured at 7 K. It matches pretty

well with the simulated LL plot shown in Fig. 1(d) of the main manuscript with clear indications

of monolayer-like Landau levels (LL) around a charge-carrier density 5 × 1015 m−2 that cross the

bilayer-like LLs confirming the system to be ABA trilayer graphene [13, 14].

S2. ESTIMATION OF κ FROM THE TEMPERATURE DEPENDENCE OF THE WIDTH OF Rxx.

At the critical point of the quantum Hall plateau-to-plateau transitions (PT), both dRxy/dν and

the inverse of the half-width of Rxx versus ν plot diverge according to power law T−κ [15]. In

the main manuscript, we estimated the value of κ by evaluating dRxy/dν close to the critical point.

Here, we focus on the analysis of the width ∆ of Rxx (FWHM of Rxx transition peak) versus ν
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[16, 17]. At the critical point, ∆−1 diverges like T−κ. The dependence of ∆−1 on T for the transition

between ν = 2 + 2/3 and ν = 2 + 3/5 is shown in Fig. S2. The slope of linear fits to data yields

κ = 0.43 ± 0.016.

S3. CRITICAL BEHAVIOR OF VARIOUS PLATEAU-TO-PLATEAU TRANSITIONS

In table S1, we compare our experimentally obtained values of νc with the theoretically pre-

dicted values [18, 19]:

νc =
(n + 0.5)

2 (n + 0.5) ± 1
; (S1)

where n is the LL index of composite Fermions.

ν1 ν2 ν
xy
c νxx

c νc (predicted)

ν = 7
3 ν = 12

5 2.375 ± 0.002 2.371 ± 0.003 2.375

ν = 12
5 ν = 17

7 – 2.417 ± 0.003 2.417

ν = 18
7 ν = 13

5 – 2.586 ± 0.002 2.583

ν = 13
5 ν = 8

3 2.625 ±0.003 2.624 ± 0.002 2.625

ν = 10
3 ν = 17

5 3.377 ± 0.002 3.371 ± 0.003 3.375

ν = 17
5 ν = 24

7 3.416 ± 0.003 3.417 ± 0.003 3.417

ν = 25
7 ν = 18

5 – 3.588 ± 0.002 3.583

ν = 18
5 ν = 11

3 – 3.624 ± 0.004 3.625

TABLE S1. Experimentally determined values of νc for high-mobility Bernal-stacked trilayer graphene

devices for plateau-to-plateau transition between filling factors ν1 and ν2. νxy
c (νxx

c ) is the value of the critical

filling factor obtained from the crossing points of Rxy (maxima of Rxx). Also tabulated are the theoretical

predictions for νc [18, 19].

S4. THE SCALING BEHAVIOR OF QUANTUM HALL STATES IN LOW-MOBILITY DEVICES

To compare the effect of long-range and short-range potential disorders [20] on the scaling

exponents, we fabricated hBN-encapsulated graphene heterostructures without the back graphite

electrode. The number density across these devices is tuned using a Si/SiO2 gate. Despite being

hBN encapsulated, effects of Coulomb impurities present at the SiO2 surface containing dangling
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FIG. S3. Scaling exponents in low mobility graphene device.(a) Plots of Rxy versus filling factor at

different temperatures. (b) Plots of dRxy/dν at the critical point ν = νC versus temperature (log-log scale)

for various plateau-to-plateau transitions. The values of κ extracted from the plots are mentioned in the plot.

bonds are not screened. These lead to long-range potential fluctuations across the device [21, 22].

Fig. S3 shows the variation of dRxy/dν at ν = νc as a function of temperature for one such device

for different plateau-to-plateau transitions. We observe a large spread in values of the scaling

exponent κ, as opposed to the case of high-mobility devices discussed in the main manuscript,

where the values of κ were tightly clustered around the theoretically predicted value of 0.42. Our

analysis supports the recent observations where the presence of long-range interactions made the

scaling exponent non-universal [23].

S5. SECOND DERIVATIVE OF Rxy WITH TEMPERATURE.

As discussed in the main manuscript, a single parameter scaling function can be written down

for the resistance tensor for plateau-to-plateau transitions [15, 24, 25]:

Rxy(ν,T ) = Rxy(νc) f [T−κ(ν − νc)] (S2)

This immediately leads to
dRxy

dν
∝ T−κ (S3)

and
d2Rxy

dν2 ∝ T−2κ (S4)

Fig. S4 (a) and (b) show plots of d2Rxy/dν2 as a function of temperature for two different plateau-

to-plateau transitions. Fig. S4 (c) shows the variation of the d2Rxy/dν2 at ν = νc with temperature
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in log-log scale. The slope yields 2κ ≈ 0.83, a value matching very closely with the prediction of

Eqn. S4.
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FIG. S4. Second derivative of Rxy with temperature. Plots of d2Rxy/dν2 vs ν at different temperatures for

plateau-to-plateau transitions between between (a) ν = −1 and ν = −2 and (b) ν = −3 and ν = −4. (c) Log-

log plot of d2Rxy/dν2 vs T for three different PT (open circles). The dotted lines are the linear fits to the

data.

S6. FRACTIONAL QUANTUM HALL STATES AT B = 4.5 T.

Fig. S5 plots the longitudinal resistance Rxx as a function of filling factor ν. We can see the

emergence of FQH states at ν = N + 1/3 and ν = N + 2/3 at B = 4.5 T.
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FIG. S5. Fractional Quantum Hall states at B = 4.5 T. Plot of Rxx versus ν measured at B = 4.5 T and

T = 20 mK. The major FQH that begin to form are marked by arrows.
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FIG. S6. Scaling analysis for transition between ν = 2 + 2/3 and ν = 2 + 3/5. (a) Plot of the error in

scaling versus x. (b-f) Scaling plot for different values of x (the values of x are marked inside the plot).

S7. DETAILS OF SCALING ANALYSIS.

In this section, we describe the process followed to extract the value of κ. As discussed in the

main manuscript, we use the following scaling equation [15]:

Rxy(ν,T ) = Rxy(νc) f [α(ν − νc)] (S5)

with

α ∝ T−x (S6)

Fig. S6(b-f) shows Rxy/Rxy(νc) at various temperatures as a function of α|ν− νc| for the ν = 2+ 2/3

to 2+3/5 transition. The plots are for different values of x. The red line corresponds to T = 1.3 K,

and the blue line corresponds to T = 0.5 K. For a perfect scaling, these two plots should collapse.

However, it is challenging to visually determine the value of x that achieves the best scaling. To

address this, the variance between the two plots is calculated as an ’error’ metric for the scaling

accuracy. We identify κ with the value of x that minimizes this error. In this specific instance, the

optimum value is κ = 0.42, as shown in Fig. S6(a).
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S8. VALUES OF κ FROM PREVIOUS STUDIES
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FIG. S7. A compilation of the values of κ from previous studies [26–38], represented by open symbols.

The results of the current study are represented with filled squares and circles. Details of the data and the

corresponding references are compiled in table S2 and table S3.
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TABLE S2: A compilation of the values of κ obtained in 2D ma-

terials other than graphene by different groups.

PPT κ Material Reference

1→2/3 0.77±0.02 AlxGa(1−x)As − Al0:33Ga0:67As [27]

1→2/3 0.63±0.07 AlxGa(1−x)As − Al0:33Ga0:67As [27]

1→2/3 0.56±0.02 AlxGa(1−x)As − Al0:33Ga0:67As [27]

1→2/3 0.68±0.05 AlxGa(1−x)As − Al0:33Ga0:67As [27]

1→2 0.36±0.04 AlxGa(1−x)As − Al0:33Ga0:67As [27]

1→2 0.56±0.05 AlxGa(1−x)As − Al0:33Ga0:67As [27]

1→2 0.81±0.04 AlxGa(1−x)As − Al0:33Ga0:67As [27]

1→2 0.44±0.02 AlxGa(1−x)As − Al0:33Ga0:67As [27]

1→2 0.53±0.07 AlxGa(1−x)As − Al0:33Ga0:67As [27]

1→2 0.43±0.10 AlxGa(1−x)As − Al0:33Ga0:67As [27]

1→2 0.62±0.03 AlxGa(1−x)As − Al0:33Ga0:67As [27]

1→2 0.28±0.06 AlxGa(1−x)As − Al0:33Ga0:67As [27]

1→2 0.53±0.06 AlxGa(1−x)As − Al0:33Ga0:67As [27]

1→2 0.43±0.1 AlxGa(1−x)As − Al0:33Ga0:67As [27]

2→3 0.51±0.03 AlxGa(1−x)As − Al0:33Ga0:67As [27]

3→4 0.51±0.03 AlxGa(1−x)As − Al0:33Ga0:67As [27]

3→4 0.45±0.05 AlxGa(1−x)As − Al0:33Ga0:67As [27]

3→4 0.45±0.05 AlxGa(1−x)As − Al0:33Ga0:67As [27]

3→4 0.52±0.03 AlxGa(1−x)As − Al0:33Ga0:67As [27]

3→4 0.63±0.03 AlxGa(1−x)As − Al0:33Ga0:67As [27]

1→2 0.42±0.04 In0.53Ga0.47As/InP [26]

2→3,

3→4

0.42±0.04 In0.53Ga0.47As/InP [26]

2→3 0.72±0.05 GaAs/AlGaAs [39]

4→5 0.15 Si-MOSFET [39]

3→4 0.25 Si-MOSFET [39]

5→6 0.15 Si-MOSFET [39]
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2→3,3→4 0.90 Si-MOSFET [39]

1→2,2→3

3→4

0.62 Si-MOSFET [39]

6→5 0.71 GaAs/AlGaAs [40]

7→6 0.72 GaAs/AlGaAs [40]

6→5 0.74 GaAs/AlGaAs [40]

7→6 0.77 GaAs/AlGaAs [40]

8→10 0.75±0.05 GaAs/AlGaAs [40]

1→2 0.66±0.02 GaAs/AlGaAs [41]

1→2 0.6±0.02 GaAs/AlGaAs [41]

1→2 0.62±0.03 GaAs/AlGaAs [41]

6→5 0.58 AlxGa1−xAs − Al0.33Ga0.67As(0%Al) [20]

5→4 0.58 AlxGa1−xAs − Al0.33Ga0.67As(0%Al) [20]

4→3 0.57 AlxGa1−xAs − Al0.33Ga0.67As(0%Al) [20]

6→5 0.57 AlxGa1−xAs − Al0.33Ga0.67As(0.21%Al) [20]

5→4 0.56 AlxGa1−xAs − Al0.33Ga0.67As(0.21%Al) [20]

4→3 0.58 AlxGa1−xAs − Al0.33Ga0.67As(0.21%Al) [20]

6→5 0.49 AlxGa1−xAs − Al0.33Ga0.67As(0.33%Al) [20]

5→4 0.5 AlxGa1−xAs − Al0.33Ga0.67As(0.33%Al) [20]

4→3 0.49 AlxGa1−xAs − Al0.33Ga0.67As(0.33%Al) [20]

6→5 0.43 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]

5→4 0.42 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]

4→3 0.42 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]

3→2 0.41 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]

6→5 0.42 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]

5→4 0.41 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]

4→3 0.42 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]

3→2 0.42 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]

6→5 0.42 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]
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5→4 0.42 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]

4→3 0.42 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]

3→2 0.41 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]

6→5 0.41 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]

5→4 0.42 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]

4→3 0.42 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]

3→2 0.42 AlxGa1−xAs − Al0.33Ga0.67As(0.85%Al) [20]

6→5 0.43 AlxGa1−xAs − Al0.33Ga0.67As(1.4%Al) [20]

5→4 0.43 AlxGa1−xAs − Al0.33Ga0.67As(1.4%Al) [20]

4→3 0.42 AlxGa1−xAs − Al0.33Ga0.67As(1.4%Al) [20]

3→2 0.42 AlxGa1−xAs − Al0.33Ga0.67As(1.4%Al) [20]

6→5 0.49 AlxGa1−xAs − Al0.33Ga0.67As(1.9%Al) [20]

5→4 0.49 AlxGa1−xAs − Al0.33Ga0.67As(1.9%Al) [20]

4→3 0.5 AlxGa1−xAs − Al0.33Ga0.67As(1.9%Al) [20]

3→2 0.51 AlxGa1−xAs − Al0.33Ga0.67As(1.9%Al) [20]

6→5 0.58 AlxGa1−xAs − Al0.33Ga0.67As(2.6%Al) [20]

5→4 0.6 AlxGa1−xAs − Al0.33Ga0.67As(2.6%Al) [20]

4→3 0.59 AlxGa1−xAs − Al0.33Ga0.67As(2.6%Al) [20]

3→2 0.58 AlxGa1−xAs − Al0.33Ga0.67As(2.6%Al) [20]

4→3 0.58 AlxGa1−xAs − Al0.33Ga0.67As(4.1%Al) [20]

3→2 0.57 AlxGa1−xAs − Al0.33Ga0.67As (4.1%Al) [20]

4→3 0.42±0.01 GaAs/AlGaAs [16]

4→3 0.67±0.02 GaAs/AlGaAs [16]

4→3 0.55±0.04 GaAs/AlGaAs [16]

4→3 0.54±0.02 GaAs/AlGaAs [16]

4→3 0.23±0.02 GaAs/AlGaAs [16]

4→3 0.66±0.03 GaAs/AlGaAs [16]

4→3 0.60±0.02 GaAs/AlGaAs [16]

4→3 0.54±0.02 GaAs/AlGaAs [16]
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3→2 0.41±0.01 GaAs/AlGaAs [16]

3→2 0.44±0.02 GaAs/AlGaAs [16]

3→2 0.46±0.02 GaAs/AlGaAs [16]

3→2 0.34±0.01 GaAs/AlGaAs [16]

3→2 0.44±0.02 GaAs/AlGaAs [16]

3→2 0.42±0.03 GaAs/AlGaAs [16]

3→2 0.43±0.03 GaAs/AlGaAs [16]

3→2 0.16±0.02 GaAs/AlGaAs [16]

2/3→3/5 0.09 GaAs quantum wells (50nm) [23]

3/5→4/7 0.46 GaAs quantum wells (50nm) [23]

4/7→5/9 0.39 GaAs quantum wells (50nm) [23]

6/11→5/9 0.41 GaAs quantum wells (50nm) [23]

7/13→8/15 0.29 GaAs quantum wells (50nm) [23]

7/15→6/13 0.19 GaAs quantum wells (50nm) [23]

6/13→5/11 0.48 GaAs quantum wells (50nm) [23]

5/11→4/9 0.44 GaAs quantum wells (50nm) [23]

4/9→3/7 0.37 GaAs quantum wells (50nm) [23]

3/7→2/5 0.15 GaAs quantum wells (50nm) [23]

2/5→1/3 0.14 GaAs quantum wells (50nm) [23]

2/3→3/5 0.20 GaAs quantum wells (30nm) [23]

3/5→4/7 0.17 GaAs quantum wells (30nm) [23]

4/7→5/9 0.20 GaAs quantum wells (30nm) [23]

5/9→6/11 0.63 GaAs quantum wells (30nm) [23]

6/11→7/13 0.54 GaAs quantum wells (30nm) [23]

7/15→8/17 0.32 GaAs quantum wells (30nm) [23]

6/13→7/15 0.41 GaAs quantum wells (30nm) [23]

6/13→5/11 0.54 GaAs quantum wells (30nm) [23]

5/11→4/9 0.41 GaAs quantum wells (30nm) [23]

4/9→3/7 0.26 GaAs quantum wells (30nm) [23]
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3/7→2/5 0.17 GaAs quantum wells (30nm) [23]

2/5→1/3 0.20 GaAs quantum wells (30nm) [23]

2/3→3/5 0.13 GaAs quantum wells (40nm) [23]

3/5→4/7 0.18 GaAs quantum wells (40nm) [23]

4/7→5/9 0.39 GaAs quantum wells (40nm) [23]

5/9→6/11 0.12 GaAs quantum wells (40nm) [23]

5/11→4/9 0.45 GaAs quantum wells (40nm) [23]

4/9→3/7 0.36 GaAs quantum wells (40nm) [23]

3/7→2/5 0.18 GaAs quantum wells (40nm) [23]

2/5→1/3 0.16 GaAs quantum wells (40nm) [23]

2→1 0.42 GaAs/AlGaAs [42]

3→4 0.68±0.04 GaAs/AlGaAs [43]

4→3 0.5 ±0.03 GaAs/AlGaAs [44]

5→4 0.5±0.03 GaAs/AlGaAs [44]

4→3 0.62 ±0.04 GaAs/AlGaAs [45]

4→3 0.59±0.04 GaAs/AlGaAs [45]

2→1 0.66±0.02 GaAs/AlGaAs [41]

2→1 0.60±0.0 GaAs/AlGaAs [41]

2→1 0.62±0.02 GaAs/AlGaAs [41]

2→1 0.64 ±0.09 GaAs/AlGaAs [46]

3→4 0.66 - 0.77 GaAs/AlGaAs [47]

1→0 0.79 GaAs/AlGaAs [48]

3→2 0.54 GaAs/AlGaAs [48]

4→3 0.42 GaAs/AlGaAs [49]

4→3 0.58 GaAs/AlGaAs [49]

3→2 0.52±0.01 GaAs/AlGaAs [50]

4→3 0.52±0.02 GaAs/AlGaAs [50]

5→4 0.53±0.02 GaAs/AlGaAs [50]

1→2 0.45±0.04 HgTe Quantum wells (5.9 nm) [51]
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2→3 0.40±0.02 HgTe Quantum wells (5.9 nm) [51]
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TABLE S3: Values of κ obtained in graphene from previous stud-

ies. The results of our present study are also included.

PPT κ Material Reference

2→ 6 0.23±0.02 Graphene on SiO2 [52]

-2→ -6 0.23±0.02 Graphene on SiO2 [52]

-10→ -6 0.23±0.02 Graphene on SiO2 [52]

10→ 6 0.23±0.02 Graphene on SiO2 [52]

-2→ 2 0.23±0.02 Graphene on SiO2 [52]

6→ 10 0.40±0.04 Graphene on SiO2 [29]

2→ 6 0.40±0.04 Graphene on SiO2 [29]

-2→ -6 0.40±0.03 Graphene on SiO2 [29]

-6→ -10 0.40±0.03 Graphene on SiO2 [29]

6→ 10 0.41±0.03 Graphene on SiO2 [29]

-2→ 2 0.16±0.05 Graphene on SiO2 Corbino geometry [32]

-2→ 0 0.58 ± 0.03 Graphene on SiO2 (hall bar) [53]

-2→ 2 0.21±0.01 Graphene (pnp junction) [33]

2→ 6 0.36±0.01 Graphene (pnp junction) [33]

6→ 10 0.35±0.01 Graphene (pnp junction) [33]

16→ 12 0.27±0.01 Encapsulated BLG [36]

12→ 8 0.32±0.01 Encapsulated BLG [36]

16→ 12 0.30±0.01 Encapsulated BLG [36]

12→ 8 0.32±0.01 Encapsulated BLG [36]

-8→ -4 0.30±0.02 Encapsulated BLG [36]

-8→ -4 0.29±0.02 Encapsulated BLG [36]

-16→-12 0.32±0.02 Encapsulated BLG [36]

-4→-3 0.41±0.006 Current study (high mobility) current study

-2→-1 0.40±0.005 Current study (high mobility) current study

2→7/3 0.42±0.004 Current study (high mobility) current study

7/3→12/5 0.38±0.02 Current study (high mobility) current study

10/3→17/5 0.39±0.03 Current study (high mobility) current study
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13/5→8/3 0.42±0.01 Current study (high mobility) current study

3→10/3 0.42±0.009 Current study (high mobility) current study

17/5→24/7 0.44±0.02 Current study (high mobility) current study

1→2 0.41±0.007 Current study (high mobility) current study

1→2 0.63±0.006 Current study (low mobility) current study

2→3 0.49±0.01 Current study (low mobility) current study

3→4 0.42±0.009 Current study (low mobility) current study

4→5 0.44±0.01 Current study (low mobility) current study

5→6 0.50±0.009 Current study (low mobility) current study
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