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1. Optic images of device #1 

The optic images of device #1 taken before different thermal cycles, are displayed in 
Figure S1. The images show the evolution of the Hall bar device #1. By transport 
measurement on device #1, we obtain the results including the magnetic field 
dependence of bulk resistance in Fig. 1, the 𝑉! dependence of 𝑅"" in Fig. 2 and edge 
conduction in Fig. 4 (except for Fig. 4f) in the main text.   



 
Figure S1 | Optic images of the Hall bar device made from the 6-SL MnBi2Te4 flake.  
(a) Before EBL, the image of the flake with several different thicknesses on SiO2/Si 
substrate. The image is taken soon after the flake exfoliated from single crystal of 
MnBi2Te4. The white dotted line indicates the contour after manually scratching. The 
yellow solid line indicates the contour of the gold contact made by EBL and thermal 
evaporation. (b) Before transport measurement, the image shows the Hall bar device. 
Through the first thermal cycle, we obtained the magnetic field dependence of bulk 
resistance in Fig. 1, the 𝑉! dependence of 𝜌"" in Figure 2 and edge conduction in Figure 
4 in the main text.  (c) After transport measurement, the image shows the Hall bar device 
with broken area in the bottom left corner. The area around electrode A1 and electrode 
A2 are damaged (A and B in the main text). It is possibly caused by the Electro-Static 
discharge (ESD), give rise to a sudden large current flowing through this area during 
the measurement. (d) Before scanning SQUID measurement, the image of the Hall bar 
device seems the same with that in (c), so electrode of E3, E4, A5 instead of E2, A3, 
A4, are chosen for current density measurement, to avoid the effects from burned area 
around A1A2 as far as possible.  

As shown in Figure S1(c), after transport measurement, the area around electrode A1 
and A2 (electrode A and B in the main text) are broken with some burned-up process, 
possibly due to ESD process (a sudden large current flowing through this area) during 
the transport measurement.  

For the current flux measurement in the sSQUID microscope (for example, the 



current flowing from A5 to E4, equivalent to C and H in the main text), the bulk and 
the edges can be treated as uncoupled parallel resistors, which can be calculated by 
dividing 𝑅#$ by the respective current percentage [1]. Here, during the scanning, the 
lowest 𝑅#% > 150𝑘Ω ≫ ℎ/𝑒# reveals the fact that the edge channels are not ballistic. 
If the edge transport is in diffusive regime, the ratio of upper and lower edges (from A5 
to E4) is expected to range from 1:1 to 1:2 based on the path lengths. However, before 
scanning measurement, as shown in Figure S1(c) and (d) the lower edge is broken, 
especially between A1 and A2 area. The burned area affects the distribution between 
upper and lower edges, since the lower edge crossing A1 and A2 is interrupted. Such 
inhomogeneity is revealed in the reconstructed current density in Figure 2(e) and (f) in 
the main text.  

 

2. Calibration of sample #1 

Figure S2 shows the magnetic field dependent Hall resistivity 𝜌&" taken with a +25 
V gate voltage. The probes are labeled in the inset of Figure S2. No obvious hysteresis 
behavior is observed during the magnetic field sweeping. Although the data in the 
measured 𝜌&"  around zero magnetic field is not absolute zero, the overall trend is 
consistent with the fact that the MnBi2Te4 is a tetradymite compound which consists of 
Te-Bi-Te-Mn-Te-Bi-Te septuple layers (SLs) stacking in the vertical direction, and the 
spins of Mn within each SL couple ferromagnetically with an out-of-plane easy axis, 
while spins in adjacent SLs couple antiferromagnetically forming an A-type 
antiferromagnetism (AFM). The zero Hall plateau shown in Figure S2 is consistent with 
the previous report [2] as a signature of the existence of axion insulator. The quantized 
ℎ/𝑒#	plateaus at high fields are consistent with the characteristic features of the Chern 
insulator phase where a conductive edge encloses an insulating bulk. The phase 
transition between Chern insulator and axion insulator  [3,4] is labeled by the black and 
red arrows in Figure S2a.  

 
Figure S2 | Gate dependent Hall resistivity of device #1. (a) magnetic field dependence of 𝜌!" at 𝑉# =
25 V. The resistance is caculated from voltage drop between probe A3 and E4, divided by current flow 
from E1 to A6.  (b) electric field dependence of 𝜌!" at different magnetic field 𝜇𝐻 at 𝑇 = 1.8 K. When 𝐸$ 
lies within the surface band gap for 20 < 𝑉# < 40  V, the quantized Hall plateau at high 𝜇𝐻  are key 
signatures of the Chern insulator state. (c) Experimental phase diagram obtained by a colored contour 
plot of the 𝜌!" value adapted from the data in (b) at different gate voltage 𝑉# and magnetic field 𝜇𝐻. In the 
phase diagram Chern insulator phase (𝐶 = ±1) and zero Hall plateau phase (𝐶 = 0) are clearly visualized.  



As shown in the field-gate diagram in Figure S2 (c), the value of 𝜌&" remains zero 
in the field range from -3.5 T to 3.5 T, forming a zero Hall plateau. As the 𝜇𝐻 field goes 
up, 𝜌&" increases steeply and quickly approaches to a quantized Hall plateau above 6 T, 
confirming a phase transition to a Chern insulator.  

 
Figure S3 | Gate dependent longitudinal resistivity of device #1. (a) magnetic field dependence of 𝜌!! 
at 𝑉" = 25 V. The resistance is caculated from voltage drop between probe A4 and A5, divided by current 
flow from E1 to A6.  (b) electric field dependence of 𝜌!! at selected magnetic fields at 𝑇 = 1.8 K. The 
relatively high resistivity is obtained within 15 < 𝑉" < 35 V. (c) Experimental phase diagram obtained 
by a colored contour plot of the 𝜌!! value adapted from the data in (b) at different gate voltage 𝑉" and 
magnetic field 𝜇𝐻. The Chern number are labeled in the diagram.  

 

3. bulk resistance of device #1 

To confirm the transition of the bulk, corresponding to the transition of the edge state 
as revealed by the gate voltage map in Figure S2 and Figure S3, we conduct a global 
transport measurement of device shown in Figure S1. As indicated in ref [5], the ideal 
geometry for true bulk resistance without any edge channels is the Corbino disk, 
however, for a quantized Hall device with high quality, we might bypass the 
contribution of edge channel by ground all floating probes. As shown in the inset of 
Figure S4, we run a current through a pair of electrodes (C and H in the main text) on 
opposite site of the device while grounding all other electrodes. By this way, current 
mainly goes through the bulk which allows us to only probe the bulk resistance.  

It is also worth mentioning that, for multi-terminal devices, contacts were made by 
Cr/Au thermal evaporation. The lock-in measured (200nA) two-terminal resistance 
between A3 and E4 as indicated in the inset of Figure S4 (C and H in the main text) at 
𝑇 = 1.8 K, 𝜇'𝐻 = 9T and 𝑉! = 25V (at quantized regime 𝜌&" is ideally to be 25812 
ohms) is about 26 kiloohms, so the contact resistance is about 190 ohms. We have 
measured all the combination of eleven contacts and the results are in close values 
(<200ohm).  

The curves in Figure S4 shows such a magnetic field dependent bulk resistance 
measurement taken at different temperatures. It reveals two MITs with a metallic state 
separating two insulating states at two ends.  



 
Figure S4 | The magnetic field dependence of bulk resistance. The data are obtained from 0 T to 9 T 
at different temperature from 1.8 K to 5 K. Inset: schematic diagram of setup for bulk resistance 
measurement.  

 
Figure S5 | Two metal-insulator-transitions (MITs) in magnetic sweeping. (a) The first transition from 
insulator to metal around the cross point at 𝐻%& = 3.95 T, (b) the second transition from metal to insulator 
transition around cross point 𝐻%' = 4.749 T. The bulk resistance magnitude maintains several mega Ohms 
at both zero field and high field regime. This is much larger than the order of	𝑅"" , indicating a non-
negligible contribution from edge channel. The inset in (b) and (c) are temperature dependence of 𝑅()*+ 
at different 𝜇𝐻. (c)(d) the scaling analysis of plotting all the curves of 𝑅()*+ as a function of |𝐻 − 𝐻%| over 
𝑇, around 𝐻%& and 𝐻%' giving the index 𝜅& = 0.29 and 𝜅' = 0.46 respectively. 

Figure S5 (a) and (c) are zoom-in plots of such transition. The first one is an insulator 
to metal transition at around 3.95 T, while the second one is a metal to insulator 
transition at around 4.75 T.  

To gain quantitative insight into these MITs, we perform a scaling analysis of 𝑅()*+ 
with respect to 𝑇 and 𝐻 in the vicinity of 𝐻, as 𝑅()*+ ∝ (𝐻 − 𝐻,)/𝑇- (Figure S5). For 



the first MIT at 𝐻,. = 3.95T, 𝜅. = 0.29. For the second MIT at 𝐻,# = 4.75T, 𝜅# =
0.46. We note that 𝜅# = 0.46 at higher field is close to that in the delocalization process 
during the (QH) plateau transition [6–9]. On the other hand, 𝜅. = 0.29 suggests the 
MIT at lower field may be related to the magnetic disorders [10,11] known to exist in 
MnBi2Te4, especially in its AFM state.  

Value Type of transition 

𝜅 = 0.42 between the lowest two 
Landau levels [6] 

𝜅 = 0.42 for transition between 𝜈 =
1/2 and 2/5 plateau [7] 

𝜅 = 0.45 from quantum Hall liquid to 
quantum Hall insulator [8] 

𝜅 = 0.43 

Disorder induced transition 
between quantum Hall 

insulator to quantum Hall 
liquid tuned by carrier 

concentration [9] 
Table S1 | Some critical component of phase transitions in quantum Hall system. 

One important conclusion from the analysis on bulk resistance is that the zero-field 
insulator is topologically distinct from the Chern insulator as they are bridged by a 
metallic state in between where the bandgap closes and re-opens. More precisely, they 
have different topological indices, that 𝐶 = 0 for the zero-field insulator with ZHP, and 
𝐶 = 1 for the Chern insulator at high field. 

 

4. Current flow into different probes of device #1 

In the edge dominated regime, the current resolved scanning SQUID measurements 
are performed on the 6-SL device, to further detect the edge conduction in the zero Hall 
plateau state. 



 
Figure S6 | Flux and current maps of the multi-terminal Hall bar device at best tuned gate voltage. 
(a) current flux with current flowing from A5 to E4 (b) current flux with current flowing from A5 to E3. (c) 
current map with reconstructed 2D current density calculated from the data in (a). (d) current density 
calculated from the data in (b). The dashed lines in map indicate the approximate geometry of the sample. 
Scale bar shown in the map indicates 5μm.  (e) schematic diagram of the Hall bar device. 

 

5. HLL behavior in device #1 

 
Figure S7 | Relation between differential conductance and temperature. (a) differential conductance 
𝐺 = 𝑑𝐼 𝑑𝑉⁄   as a function of 1/𝑇. All the curves show curvature. It clearly indicates that a simple thermal 
activated process is not appropriate for the edge conduction. (b) 𝐺 as a function of 𝑇 in double log scale.  

As mentioned in the main text, there are three possible origins for the helical edge 
states at 𝜇'𝐻 = 0 . The first possibility is the side surface described by the single 
nondegenerate Fermi arc, with specific termination protected by the PT symmetry [3] 
as shown in Fig. 1a. Such surface state is essentially half of an ordinary 2D electron gas 



(2DEG) because it violates the fermion doubling theorem [12]. Meanwhile, the other 
half of 2DEG exists on the opposite side surface. With reducing thickness, the half 
2DEG with massless dispersion will evolve into a helical 1D channel. However, there 
is a bandgap ~ 0.047 eV due to quantum confinement on the side surface of 6-SL 
flake [3]. The helical 1D channel with such a large gap is hard to affect transport with 
low energy excitation. The second possibility is the 1D helical edge induced by the 
hybridization of top and bottom surfaces in an AFM phase as illustrated in Fig. 4d. The 
helical edge has a tiny gap due to the translation-symmetry breaking in the z direction 
according to model calculations [13]. In presence of disorder, the quasiparticle 
spectrum is broadened and the edge gap is reduced. Furthermore, the 1D helical edge 
state is dissipative because backscattering by disorder is allowed with TRS breaking. 
The third possible origin comes from the surface Hall effect [15,16] in axion phase of 
MBT, which can be viewed as a pair of chiral hinge modes with opposite propagating 
directions [17,18]. However, in simulation [17] the necessary number of SLs (𝑛/) to 
observe half quantized chiral currents is about 100, much larger than 𝑛/ = 6 for our 
device.  

Although the three possible origins share the same topological nature protected by 
the PT symmetry, we argue that the gapped 1D helical edge state is most reasonable for 
the even-layer thin film device. We illustrate the band structure of topological phase 
and bulk-boundary correspondence as a function of 𝜇'𝐻 applicable to the even-layer, 
as introduced in the main text. At the AFM ground state, the two top and two bottom 
surface bands are already inverted due to the strong spin orbit coupling. Since the 
surface magnetization is quite small [19], the inverted bands with even and odd parity 
opens a hybridization gap. Two pairs of hybridization bands give rise to a pair of helical 
edges. Interactions are allowed between two branches of helical edge states to create 
electron-hole pairs, which can be regarded as bosons. Unlike the Fermi liquid and the 
chiral 1D liquid, due to the reduced dimensionality and TRS breaking, the bandgap and 
internal backscattering is unavoidable, giving rise to a helical Luttinger (HLL) 
liquid [20], which is a strongly correlated system.  

 

6. Calibration of device #2 

In order to reveal the evolution of interaction within the edge from the helical 
Luttinger liquid regime at zero magnetic field to the chiral Fermi liquid regime in the 
presence of external magnetic field dependent, we take the measurement on device #2 
made from another 6SL MnBi2Te4 flake.  



 
Figure S8 | Magnetic field dependent transport properties of device #2. (a) schematic diagram of 
device #2. The direction of current flow is indicated by the red arrow. Voltage probes selected for 
longitudinal resistance and Hall resistance is labeled by 𝑉""- , 𝑉"".  and 𝑉!"- , 𝑉!".  respectively. (b) magnetic field 
dependent longitudinal resistance. (c) magnetic field dependent Hall resistance. At 9T the Hall signal is 
about 0.9ℎ/𝑒'.  

Overall, the Chern insulator features of Chern insulator at high field is observed in 
the nearly quantized Hall resistance associated with vanishing longitudinal resistance. 
However, the sample quality of device #2 is not that good as that of device #1. First, 
the best tuned gate voltage (80V) is much larger than that of device #1. Second, the 
Hall resistance at 9T is about 0.9ℎ/𝑒#. This is possibly because the bulk is not insulating 
enough and not all carriers in the bulk are localized.  

 

7. HLL behavior in device #2 

  We present experimental results on the edge conduction in the presence of external 
field. While the system is in zero Hall plateau regime, we observe the onset of a 
nonlinear current-voltage characteristic, consistent with a non-Fermi liquid behavior, 
such as a Luttinger liquid (𝛼 ≈ 0.4). When the system exhibits typical Chern insulator 
features, we observe the Ohmic tunneling resistance between the terminals, typical for 
a Fermi liquid (𝛼 ≈ 0).  

 
Figure S9 | Excitation dependence of the edge conductance 𝑮. The excitations are from 𝐼/% = 1 nA to 
300 nA at different 𝑇. The log-log plot indicates a power-law behavior is not universal and depends on 
external magnetic field.  



 
Figure S10 | Bias voltage dependence of edge differential conductance at different magnetic fields. 
(a) The panels in the upper row shows 𝑉0% dependence of the edge differential conductance 𝑑𝐼/𝑑𝑉 at 
different fields. Data are measured from 𝑇 below 1.8 K up to 5.5 K, with the ac modulation current 𝐼 = 2 
nA. (b) The panels in the lower row shows the illustration of all the measured data points except the 
saturation region collapse onto a single curve by scaling the measured 𝑑𝐼/𝑑𝑉. The component 𝛼 is listed 
in each panel, and the summary of 𝛼 as a function of 𝜇1𝐻 is shown in the main text.  

Factors that affect the HLL are complicated. Similar result has also been observed in 
heterostructure of InAs/GaSb [21]. In a helical edge state, such deviations of 
conductance from the quantized value [22,23] has been attributed to the trivial 
impurities interacting with the edge electrons, such as bulk electrons trapped by 
potential inhomogeneities [24,25], defect of crystalline, Rashba spin-orbit 
coupling [26,27] and so on. In our experiment, for device #1 at zero field  𝛼 ≈ 0.3, 
while for device #2 𝛼 ≈ 0.4. This observation shows that, the Luttinger liquid exponent 
is not a universal but depends on sample parameters.  
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