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I. Evidence of trivial and inverted regimes in high mobility

wafers
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Figure S 1. Device schematic and 2D phase diagram of high mobility wafers exhibiting a clear delineation

between trivial and inverted regimes. (a,c) Wafer with InAs on GaSb sequencing similar to Ref 1 and Ref

2 and (b,d) Wafer with GaSb on InAs sequencing. All devices were processed using procedure reported in

Ref. 1.



II. Temperature dependence measurement and extraction
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Figure S 2. Temperature dependence of (a) R;.3,1.3 and (b) Ry.4.1.4, along with extracted values for (c) edge
resistivity and (d) bulk resistivity at points A-E in Figure 1 (c), (d), main text. Edge resistivity and edge-
dominated transport are temperature insensitive while bulk resistivity and bulk-dominated transport

exhibit an Arrhenius trend with temperature.

As shown in Figure S 2 (a), (b), the temperature dependence of the RP peak resistance has two distinct
regimes: below and above 10K. Below 10K, with edge contribution, the resistance is relatively
insensitive to temperature while without edge, the resistance shows a clear dependence on
temperature. Going from A to E, the trend is weakened, and eventually becomes temperature
insensitive, which could be explained by a gapless scenario. Beyond point E, we did not see the gap
reopening into the inverted regime, unlike previous high mobility devices (see Figure S 1 and Ref. 2).
The energy gap A was extracted from the Arrhenius trend R~exp (A/2kgT) to be ~13 K for point A
and vanishing at E. At higher temperature regime (7>10 K), both resistances, with and without edges,
roll over to a steeper slope, likely due to the fact that the bulk resistivity becomes so low that it now

dominates the edge channel. The new energy gap is ~80 K, although reliable estimation is difficult. The



two-gap trend is similar to what was reported in Ref. *> where the larger gap at high temperatures was
assigned to be the hybridization-induced minigap and the smaller gap at low temperatures was assigned
to be the localization gap. In Ref. 3, the transition between the two gap regimes also coincided with the
turn on of the edge conductance, similar to what we see here in Figure S 2. However, in our case where
the device was clearly in the trivial regime, the two energy gaps should not be due to the hybridization
effect. Yet, its magnitude is conspicuously different from the expected direct gap between the
conduction and valence states in the double layer. We speculate that a smaller gap could stem from
disorder percolation® or from a localized shallow impurity level to either the conduction or valence

band®.

I11. Extraction of bulk and edge resistivities
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Figure S 3. Bias distribution maps simulated in the resistor network model for two cases of (a) modest

(10°) and (b) large (10°) bulk-to-edge resistivity ratio; (c) resistance ratio Ri1.2:3.4/R1.2:5.6 and (d) scale



factors Ry.5,5.6/Pedge ANd R1.2:5.6/Poui @S @ function of bulk-to-edge resistivity ratio. Markers m and o in (c),
(d) indicate the resistivity ratios used in the simulations depicted in (a) and (b), respectively. The arrows

in (d) indicate the corresponding axis.

Shown in Figure S 3 (a) and (b) are bias distribution maps of our device when current is fed through
terminals 1-2, for two representative Oyui/ Pedge ratios of 10° and 10° (wm per o). Smaller resistivity ratio
means the bulk is relatively more conductive, leading to the current running straight in the mesa
between terminals 1 and 2, while with larger resistivity ratio, the bulk becomes relatively more
insulating, the lower resistance edges form quasi-equipotential contours extending around the whole

device. This transition is exactly what we have observed in the experiment.

Beyond qualitative explanation of experimental data, the resistor network simulation also allows for a
simultaneous extraction of edge and bulk resistivities. As shown in Figure S 3 (c), the resistance ratio R;.,,
34/R125¢is dictated by the ratio of bulk over edge resistivity alone, so the resistivity ratio can be
extracted from the measured resistance ratio R, 3.4/R1.2:5.6 Which does not involve contact resistance.
Next, at a fixed Ppui/Pedge ratio, the absolute resistance value Ry.;;5.6 scales linearly with the bulk (or,
equivalently, edge) resistivity with a scale factor dependent on Puui/Pedge- Figure S 3 (d) plots the
simulated ratio Ri.5.5.6/Pedge (and also Ry.5,5.6/Pouik , €qual, of course, to Ry.3;5.6/Pedge divided by Phui/Pedge)
as a function of Ppui/Peqge- This allows for independent evaluation of peyge and Ppui once Ry s6and

Poulk/ Pedge are determined.

To reflect chiral nature of edge channels at finite B (although with a possibility of closely spaced counter-
propagating edge states that would allow some back scattering), we experimented also with simulations
of a very similar and only minimally-modified diode-resistor network, which blocks (either fully or only
partially) current backflow along the edges (with the preferable direction controlled by the sign of B).

Thus, unlike the linear all-resistor network, the non-linear diode-resistor network is inherently sensitive



to the orientation of the applied magnetic field (or, equivalently, polarity of the feeding terminals), an
observation of the model behavior that is fully supported by simulations. For the magnetic field pointing
into the plane of the device in main text’s Figure 1(b), current should prefer to flow clockwise along the
outer edge of the device and counterclockwise along its inner edge. This is the case for the data
measured at B=2 T shown in main text’s Figure 2 (e)-(h). At high electron densities, i.e., deep in the IQHE
regime, we simulate the experimental data using the fully-blocking diode-resistor network, while at the
RP all-resistor network is more appropriate. For the lack of a detailed quantitative description of a
crossover between these two regimes (where, intuitively, a partially-blocking diode-resistor network
would be applicable), we attempted to simply patch them together along the crossover canyon
boundary. Overall, the result is visually similar to the one obtained when processing data using the all-
resistor network throughout [as depicted in main text’s Figure 3 (c) and (d)]. Empirically, the edge in the
diode-resistor network ends to be slightly more conductive (up to ~1.7x at largest pPpun/Pedge) tO

compensate for the unidirectional current flow.



IV. Transport with-edge versus no-edge
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Figure S 4. 1D line cuts of Ry.3,1.3 and Ry.4;1.4 as a function of a) back gate bias at V,;=-2.36 V and b) top
gate bias at V,;=0V. The on-set of edge conductance is indicated by the kinks of the gy.5.1.3 curves, as well
as by the deviation of Ry.3,1.3 from R;.41.4 (dashed boxes). When dominated by edge conductance, the
negative slope of the R;.3.1.3 curves suggests an electron-nature of the edge transport. The peak of Ry.3,1.
30f 7 k€2 corresponds to an edge resistivity of 1.6 k€)/um for 2 parallel edge channels with length of 880
Um each. This edge resistivity is close to the extraction value of 2 k£2/um achieved with the resistor

network model.

As discussed in the main text, the evidence of edge conductance can be seen from the comparison
between Ry.3,1.3 (with edge)and R;.4.1.4 (without edge). 1D line cuts of main text’s Figure 1 (c) and (d) at a
constant Vi=-2.36 V and V,;=0V are shown in Figure S 4 (a) and (b), respectively. When the bulk channel
is highly conductive, there is no potential difference between leads 3 and 4 across the mesa, thus the
two resistances overlap (outside of the dashed boxes). When the bulk becomes more resistive, leads 3
and 4 are electrically “disconnected”, revealing a difference in conductance paths. Between leads 1 and
4, carrier must pass through the resistive bulk while between leads 1 and 3, carrier can travel along the
edge if the bulk is too resistive. A deviation of R;.3.1.3 from R;.3.1.4 hence indicates the turn on of edge

conductance.
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Figure S 5 (a) schematic of a Hall bar, (b) Longitudinal resistance (R,x = V,3/lss) map as a function of top
and back gate biases, dashed lines indicate biases where a 1D line cut is plotted in (c) Vbg=-1V and (d)
Vig=-2.8V. Dashed boxes in (c) and (d) highlight edge-transport dominated regime. The negative slope of
the resistance curve suggests an electron-nature of the edge transport. The resistance maxima of 94 k€2
scales with the edge length (100 um for 2 parallel edges) with a linear edge resistivity scale factor of ~1.9
k&Y/um. This edge resistivity is close to the extraction value of 2 k€J/um achieved with resistor network

model.

Between leads 1 and 3, there are two possible parallel conductance path: (1) inside the bulk, along the
mesa, and (2) at the outer edge of the mesa. The measured resistance is roughly the smaller between
the two. When the bulk is more conductive than the edge (smaller resistance, outside of dashed boxes),
the measured Ry.3,1.3 reflects the bulk resistance and when the bulk is more resistive than the edge
(inside the dashed boxes), the measured Ry 3, 3 reflects the edge resistance. The two kinks in Ry3.13

curve right at the separation of Ry.3,1.3 and Ry.3.1.4 indicate a change in conductance mechanisms, which,



in this case, is the transition from bulk dominant to edge dominant conductance. The same kinked
character is also observed in a Hall bar device with parallel edge-bulk channel (Figure S 5). Note that in
the Hall bar, the longitudinal resistance R, does not involve contact resistance, so the kink-transition is
not due to contact resistance effect. When dominated by the edge conductance, both R;.3;.3 of the
Corbino ring and R,, of the Hall bar have a decreasing trend with positive gate bias, suggesting an n-type
nature of electron transport. Assuming the measured edge resistance is linear with length, we estimate
the resistivity per unit length of 1.6 k€/pum and 2 kQ/um for the Corbino ring and Hall bar, respectively.

These values are close to the ~2 kQ/um range numerically extracted from R;,34and Ry,.5 data.

V. Local versus non-local measurement
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Figure S 6 Local and non-local resistance maps under different measurement configurations.



As a proof of edge conductance, Figure 2 in the main text already discussed non-local measurement
with current running through leads 1-2 and voltage measured at leads 3-4 and 5-6. At the RP, voltages
measured across 3-4 and across 5-6 are similar to the set voltage between 1-2. Same behavior is
observed when current is running through the 3-4 pair or 5-6 pair and voltage measured across other
pairs (Figure S 6). This clearly proves that the inner and outer edge are almost two equi-potential

surfaces, a scenario only possible if there is substantial conductance along the edges.
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Figure S 7 Quasi local measurement in the Corbino ring device suggesting the presence of edge-

conductance: (a) Ry.3,1.3, (b) R1-3,24 and (¢) Ry356.

Evidence of edge conductance can also be seen from other quasi local measurement (e.g see Figure S 7).
When current flows between 1-3, the discrepancy between local Ry.3,1.3 and quasi local Ry.3,.4 delineates
edge-dominated transport regime from bulk-dominated regime by the low resistance “tongue” in the
middle of the resistance peak stripe of Ry3,.4 . This is due to the electrical disconnection between 1 and
2, and between 3 and 4 when the bulk resistivity high, leads 2 and 4 become floating, resulting in low
Ri3.24 - In addition, there is a substantial voltage built up between leads 5 and 6 at gate biases defining
the resistance peak [Figure S 7 (c)]. If the conductance is purely bulk-dominated, there should not be any

built-up potential across 5-6, but it is not the case experimentally.



V. Measurement at B=1T
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Figure S 8 Local and non-local resistance maps under B=1T.
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Figure S 9 Extracted bulk and edge resistivity at B=1T

Similar to analysis and extraction for B-0 and B=2T in the main text, additional data at B=1T are shown in
Figure S 8 and Figure S 9 to illustrate the high dynamical range of the extraction technique. At B=1T, the

ripplings are absent, but the increase of bulk resistance already allows for extraction of bulk and edge

resistivity outside of the RP.
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