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Sample preparation and measurements

Epitaxial graphene (EG) is formed after decompaositand Si sublimation on the
surface of SiC at high temperatures. Angle-resolpbotoelectron spectroscopy
shows that newly-grown samples measureditu have carrier concentratioms~
10' cm?, ascribed to charge-transfer from an insulatingpbene-like buffer layer
that is covalently bonded to the SiC substtate. order to study the electronic
transport with | < 132 cm?, electrostatit 3or photochemicél gating through an
insulating dielectric, molecular dopihglirectly on the EG surface, or atomic
intercalatiory © beneath the buffer layer have been used to moitiiéy carrier
concentration. In order to achieve low density EXoy EG devices were fabricated
utilizing a clean lithography procédtat leaves the surface free of resist residues.
After this fabrication process doping occurs duertnitiated by chemical etching of
the protective layer and exposure to air, produtypical carrier densities of order
~ 10" cmr?. The devices can be cycled to higher or loweri@adensity repeatedly by
annealing at 70 °C to 150 °C or by air exposureplicating oxygen and water
molecules from the air as the source of p-type e doping °



Longitudinal resistivitypxx was obtained by averaging the data from both sifiéise
conducting channel [voltage probes 1, 3 and voltages 1* and 3*] and Hall
resistivity pxy was measured across the central pair [2 and 2dpuwice contacts [Fig.
S1]. In graphene as well as in heterostructures,darrier concentrations are often
associated with percolating current paths that grixvith pxy. Data measured at both
directions of the magnetic field were combined base the recognized symmetries
of the resistivity components to eliminate this mg[10], which is strong in highly
disordered samples for large valuep@af

Figure S1 Schematic diagram showing a typical meyel epitaxial graphene (E
sample. S and D correspond to source and drairactsntl, 2, 3,1 2" and 3 are
voltage probes. Channel dimensions, which aredheedor all devices studied, dre
= 0.6 mm,W = 0.1 mm, with voltage contacts spaced irh apart along both sic
of the device.
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Figure S2. Resistivity valugsx(B) andpxy(B) of samples (a) EG1 and (b) EG2

0<B<9T.
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Figure S3 Determination of the mobiliiyfor samples (a) EG1 and (b) EBE fitting
the measureeky to neu?B/(1+(uB)?) over the range of 0B < 0.15 T.



Weak localization and eectron-electron interactionsin our devices

In the weakly disordered regime, that is, the catiglity higher than &xzh, weak
localization (WL) and electron-electron interactiofEEI) have significant
contributions to the transport at lo® in disordered graphene devices and may
influencé! the observed I-QH transition$!® The WL term modifiesoxx without
affecting pxy. The diffusive EEI has effects on bagtk andpxy. To investigate the
observed I-QH transition, we have isolated the E@itribution from the WL one

following Ref. [17]. The EEI correction to the Dradonductivity’ is given by

h
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B

whereKee is an interaction parameter dependent on the ¢ymample andr is the
scattering time. This term gives aTlrdependence to botls and to the Hall

coefficientRy = dpxy(B, T)/0B. The Il dependence d®is shown in Fig. S4 (a).
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Fig. S4 (a) Uncorrected Hall sloje = dpxy(B, T)/0B as a function of. (b) Standard
1 i —
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(where i runs over the measured temperature poipksited against the interaction

parameterKee ARH Of the uncorrected data in (a) for each sampleesponds to
ARH(Kee= 0) in (b).

deviation of the corrected Hall slope at different AR, = \/

According to Eq. (1), matrix inversion of the cowtuity tensor shows that(B,T)

takes a parabolic forlfy
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for do,, <<o,, wherey is the mobilitys, is the Drude conductivity and is the
mobility. In addition, the EEI term gives a coriieat to the Hall coefficienRy =
dpxy(B, T)/6B following R, /R’ =-260,./0,, Where R, denotes the classical value

of Ry [ref. 17]. The IT dependence dR+ is observed in Fig. S4(a), suggesting the

influence of electron-electron interactions onlthe-field insulating behavior.



Relevant to the data analysis, Eq. (2) indicatésradependent point ipxx at /B = 1.
To clarify this its relation with the observed gy issue, we remove the correction
the contribution of EEI as described by Eq. (2ptoat lowB [ref. 18] and estimate
the EEI strength following Ref. [17]. The correctiadc® described by Eq. (2) is
subtracted from the measureg for with 0 < Kee < 1. By inverting the resulting
conductivity tensor, we obtain a new correctedodekx andpyy. The optimunKeeis
identified when the standard deviation of the cdedR4 values at different in Fig.
S4(b) reaches its minimum. As shown in Figs. S&ta) S5(c), for EG1 and EG2 the
correction removal process renders the correptgthsensitive to the change hat
low fields and the slope corresponds &) without suffering from EEI. Most
disordered device does not produce an optirkgsawith reasonable confidence, and
only a weak minimum (EG3) is obtained by this pohae. TheT-independent points

in pxx(B, T) survive in the corrected data for EG1 and EG2 @rwlr at only slightly
lower crossing field87 after the correction [Figs. S5(a) and S5(b)]. TeémainingT

and B dependence opxx is attributed to WL effect (Supplementary Fig. S5)
suggesting that the transition in EG1 and EG2 sants the crossover from WL to
the v= 2 quantum Hall state. However, stronger disontefEG3 whose lowF

conductivity is lower than®rh makes the correction descriptions invalid.



Remove the corrections dueto electron-electron inter actions
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Fig. S5 Comparison of-dependent resistivities for samples (a, b) EG1 @ndl)
EG2 before and after removal of interactions. Tdmegerature ranges are the same as
those given in the caption of Fig. 1.



Weak localization

Our experimental results can be fitted to the tbecal work of McCanret al.!® as
shown in Fig. S6 (a) and (b). We note that the Weat contributes to a shift i«
proportional to Infy/7), where 7, is the phase relaxation time and approximately
proportional toT! as shown in Fig. S6 (c); however, WL produces ontribution to

Hall coefficient
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Figure S6 Fits of the measuradxx(B) = oxx(B) — oxx(B = 0) to the model develop
by McCannet al. [19] for samples (a) EG1 and (b) EGkhe arrows indicate tl

temperature increase. (c) The decoherence rg’teobtained from the fits as

function ofT.



Scaling of the Hall conductivity
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EG3.

Table S1 Physical quantities of each EG sample.

Sample | Type | density (f) | Kee | u (Mm?Vist) |z (fs) | T (meV) B

EG1 n 1.75% 10 | 0.35 | 0.59 29 23 0.27
EG2 p 8.83x 10** | 0.46 | 0.78 27 24 0.41
EG3 n 5.76x 10 | - 0.31 9 76 1.21
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