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We report a nanoscale mapping of noise-source-controlled transport characteristics in the domains of reduced graphene oxide by utilizing noise-source imaging strategies. In this method, current and noise images were measured simultaneously using a scanning noise microscopy and analyzed to map sheet-resistances (R ) and noise-source densities (n eff ). The maps showed the formation of conducting and insulating domains, where the insulating domains exhibited up to three-four orders of higher R and n eff than those of conducting domains. Interestingly, the sheet-conductance (Σ ) and n eff followed rather opposite power-law behaviors like Σ ∝ n eff -0.5 and Σ ∝ n eff 0.5 in conducting and insulating domains, respectively, which could be attributed to the difference in mesoscopic charge transport mechanisms controlled by n eff in domains. Notably, high biases resulted in the increased conductance (∆Σ ) and decreased noise-source density (∆n eff ) following a relationship like ∆Σ ∝-∆n eff 0.5 for both conducting and insulting domains, which could be explained by the passivation of noise-sources at high biases. Furthermore, ∆Σ versus ∆n eff plot on the annealing also followed a power-law dependence (∆Σ ∝-∆n eff 0.5 ) in conducting domains, which could be attributed to carrier generation on the annealing. Our results about mesoscopic charge transports could be significant advancements in fundamental researches and applications.

Introduction

Reduced graphene oxide (RGO) is one of the most promising materials in nanoelectronics, and has been widely studied in materials science, electronics, chemistries, and biologies [START_REF] Georgakilas | Noncovalent functiolization of graphene and graphene oxide for energy materials, biosensing, catalytic, and biomedical applications[END_REF][START_REF] Yeh | On the origin of the stability of graphene oxide membranes in water[END_REF][START_REF] Chen | Graphene oxide: Preparation, functionalization, and electrochemical applications[END_REF][START_REF] Ma | Investigating the energy storage mechanism of SnS 2 -rGO composite anode for advanced Na-Ion batteries[END_REF][START_REF] Sahu | Ultrahigh performance supercapacitor from lacey reduced graphene oxide nanoribbons[END_REF][START_REF] Myung | Ambipolar memory devices based on graphene oxide and nanoparticles[END_REF][START_REF] Eda | Chemically derived graphene oxide: Towards large-area thin-film electronics and optoelectronics[END_REF][START_REF] Zhu | Graphene and graphene oxide: synthesis, properties, and applications[END_REF][START_REF] Mativetsky | Local current mapping and patterning of reduced graphene oxide[END_REF][START_REF] Joung | High yeild fabrication of chemically reduced graphene oxide field effect transistors by dielectrophoresis[END_REF][START_REF] Becerril | Evaluation of solution-processed reduced graphene oxide films as transparent conductors[END_REF][START_REF] Mattevi | Evolution of electrical, chemical, and structural properties of transparent and conducting chemically derived graphene thin films[END_REF][START_REF] Wang | Nanoscale charge distribution and energy band modification in defect-patterned graphene[END_REF][START_REF] Shaw | Nanoscale current spreading analysis in solution-processed graphene oxide/silver nanowire transparent electrodes via conductive atomic force microscopy[END_REF][START_REF] Robinson | Reduced graphene oxide molecular sensors[END_REF][START_REF] Zhu | Schottky diode characteristics and 1/f noise of high sensitivity reduced graphene oxide/Si heterojunction photodetector[END_REF].

Previous studies showed that RGO has versatile exotic chemical and physical properties such as a high charge storage capacity, a tunability in electrical properties, a high chemical reactivity, an optical transparency and a mechanical flexibility [START_REF] Georgakilas | Noncovalent functiolization of graphene and graphene oxide for energy materials, biosensing, catalytic, and biomedical applications[END_REF][START_REF] Yeh | On the origin of the stability of graphene oxide membranes in water[END_REF][START_REF] Chen | Graphene oxide: Preparation, functionalization, and electrochemical applications[END_REF][START_REF] Ma | Investigating the energy storage mechanism of SnS 2 -rGO composite anode for advanced Na-Ion batteries[END_REF][START_REF] Sahu | Ultrahigh performance supercapacitor from lacey reduced graphene oxide nanoribbons[END_REF][START_REF] Myung | Ambipolar memory devices based on graphene oxide and nanoparticles[END_REF][START_REF] Eda | Chemically derived graphene oxide: Towards large-area thin-film electronics and optoelectronics[END_REF][START_REF] Zhu | Graphene and graphene oxide: synthesis, properties, and applications[END_REF][START_REF] Mativetsky | Local current mapping and patterning of reduced graphene oxide[END_REF][START_REF] Joung | High yeild fabrication of chemically reduced graphene oxide field effect transistors by dielectrophoresis[END_REF][START_REF] Becerril | Evaluation of solution-processed reduced graphene oxide films as transparent conductors[END_REF][START_REF] Mattevi | Evolution of electrical, chemical, and structural properties of transparent and conducting chemically derived graphene thin films[END_REF][START_REF] Wang | Nanoscale charge distribution and energy band modification in defect-patterned graphene[END_REF][START_REF] Shaw | Nanoscale current spreading analysis in solution-processed graphene oxide/silver nanowire transparent electrodes via conductive atomic force microscopy[END_REF][START_REF] Robinson | Reduced graphene oxide molecular sensors[END_REF][START_REF] Zhu | Schottky diode characteristics and 1/f noise of high sensitivity reduced graphene oxide/Si heterojunction photodetector[END_REF]. In addition, the large scale fabrication of RGO devices is possible in a short span of time under ambient conditions via solution processing methods [START_REF] Myung | Ambipolar memory devices based on graphene oxide and nanoparticles[END_REF][START_REF] Eda | Chemically derived graphene oxide: Towards large-area thin-film electronics and optoelectronics[END_REF][START_REF] Zhu | Graphene and graphene oxide: synthesis, properties, and applications[END_REF][START_REF] Mativetsky | Local current mapping and patterning of reduced graphene oxide[END_REF][START_REF] Joung | High yeild fabrication of chemically reduced graphene oxide field effect transistors by dielectrophoresis[END_REF][START_REF] Becerril | Evaluation of solution-processed reduced graphene oxide films as transparent conductors[END_REF][START_REF] Mattevi | Evolution of electrical, chemical, and structural properties of transparent and conducting chemically derived graphene thin films[END_REF]. Owing to various remarkable properties, RGO has been used in versatile applications such as high-performance supercapacitors, memory devices, highly-sensitive biological and chemical sensors, and high-performance solar cells [START_REF] Georgakilas | Noncovalent functiolization of graphene and graphene oxide for energy materials, biosensing, catalytic, and biomedical applications[END_REF][START_REF] Ma | Investigating the energy storage mechanism of SnS 2 -rGO composite anode for advanced Na-Ion batteries[END_REF][START_REF] Sahu | Ultrahigh performance supercapacitor from lacey reduced graphene oxide nanoribbons[END_REF][START_REF] Myung | Ambipolar memory devices based on graphene oxide and nanoparticles[END_REF][START_REF] Eda | Chemically derived graphene oxide: Towards large-area thin-film electronics and optoelectronics[END_REF][START_REF] Zhu | Graphene and graphene oxide: synthesis, properties, and applications[END_REF].

RGO films have rich microstructures due to the presence of the various kinds of functionalities and the ordered sp 2 and disordered sp 3 hybridization of carbon bondings [START_REF] Ma | Investigating the energy storage mechanism of SnS 2 -rGO composite anode for advanced Na-Ion batteries[END_REF][START_REF] Sahu | Ultrahigh performance supercapacitor from lacey reduced graphene oxide nanoribbons[END_REF][START_REF] Myung | Ambipolar memory devices based on graphene oxide and nanoparticles[END_REF][START_REF] Eda | Chemically derived graphene oxide: Towards large-area thin-film electronics and optoelectronics[END_REF][START_REF] Zhu | Graphene and graphene oxide: synthesis, properties, and applications[END_REF]. Recent works have shown significant local variations in currents in a RGO thin film [START_REF] Mativetsky | Local current mapping and patterning of reduced graphene oxide[END_REF]. Therefore, the nanoscale investigation of the transport properties of RGO should be essential for the further understanding and improvement of RGO-based devices. However, still a little is known about the transport properties of RGO at a nanoscale domain-structure level.

On the other hand, electrical noises, the temporal fluctuations, in the currents provide useful information about materials and devices, and those noises are helpful in understanding charge traps or noise-source densities, charge inhomogeneities, carrier types and densities in devices [START_REF] Xu | Effect of spatial charge inhomogeneity on 1/f noise behavior in graphene[END_REF][START_REF] Sung | Scanning noise microscopy on graphene devices[END_REF][START_REF] Shekhar | Nanoscale direct mapping of localized and induced noise sources on conducting polymer films[END_REF][START_REF] Lee | Nanoscale direct mapping of noise source activities on graphene domains[END_REF]. In a RGO film, various localized noise-sources such as structural defects, electronic traps, functionalities, and impurities are distributed in different domains, generating electrical
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4 noises [START_REF] Lee | Nanoscale direct mapping of noise source activities on graphene domains[END_REF][START_REF] Carbone | Space-charge-limited current fluctuations in organic semiconductors[END_REF][START_REF] Carbone | Trapping-detrapping fluctuations in organic space-charge layers[END_REF][START_REF] Liu | Origin of 1/f noise in graphene multilayers: Surface vs[END_REF][START_REF] Balandin | Low-frequency1/f noise in graphene devices[END_REF][START_REF] Pal | Microscopic mechanism of 1/f noise of in graphene: Role of energy band dispersion[END_REF][START_REF] Jung | Space charge limited conduction with exponential trap distribution in reduced graphene oxide sheets[END_REF][START_REF] Shin | Nanoscale reduction of resistivity and charge trap activities induced by carbon nanotubes embedded in metal thin films[END_REF]. Previously, there have been some studies about the noises in RGO devices, and it has been observed that the noise behaviors depend on the presence of functional groups and disorders in the RGO [START_REF] Robinson | Reduced graphene oxide molecular sensors[END_REF][START_REF] Zhu | Schottky diode characteristics and 1/f noise of high sensitivity reduced graphene oxide/Si heterojunction photodetector[END_REF][START_REF] Xu | Effect of spatial charge inhomogeneity on 1/f noise behavior in graphene[END_REF]. However, it has been very difficult to identify and map the activities of such localized noise-sources in a RGO film at a nanoscale resolution. Recently, we have developed a scanning noise imaging method [START_REF] Sung | Scanning noise microscopy on graphene devices[END_REF][START_REF] Shekhar | Nanoscale direct mapping of localized and induced noise sources on conducting polymer films[END_REF][START_REF] Lee | Nanoscale direct mapping of noise source activities on graphene domains[END_REF][START_REF] Shin | Nanoscale reduction of resistivity and charge trap activities induced by carbon nanotubes embedded in metal thin films[END_REF], allowing us to map the localized noise-sources in domains and boundaries of graphene [START_REF] Lee | Nanoscale direct mapping of noise source activities on graphene domains[END_REF] and polymers [START_REF] Shekhar | Nanoscale direct mapping of localized and induced noise sources on conducting polymer films[END_REF]. Noise-source mappings further helped us in understanding transport mechanisms in conducting channels.

However, the nanoscale effects of noise-sources on mesoscopic transport behaviors in the various domains of RGO have not been explored yet.

Herein, we report a nanoscale direct mapping of the noise-source controlled charge transports in domains of the RGO film, showing hopping and tunneling conduction mechanisms in conducting and insulating domains, respectively. In our strategy, firstly, the images of electrical currents and noises on RGO films were measured simultaneously using a scanning noise microscopy (SNM) [START_REF] Sung | Scanning noise microscopy on graphene devices[END_REF][START_REF] Shekhar | Nanoscale direct mapping of localized and induced noise sources on conducting polymer films[END_REF][START_REF] Lee | Nanoscale direct mapping of noise source activities on graphene domains[END_REF] and analyzed to map the sheet-resistance (R ) and noise-source density (n eff ). The measured maps showed the conducting and the insulating domains, where the insulating domains exhibited up to three orders of magnitude higher R and n eff than those of the conducting domains. Notably, we observed opposite power law relationships like Σ ∝ n eff -0.5 and Σ ∝ n eff 0.5 in conducting and insulating domains, respectively. The results were attributed to the variations in mesoscopic charge transports controlled by the n eff in the RGO domains. provide valuable insights about the effect of noise-sources on mesoscopic transports and should have significant impacts on fundamental researches and applications.

Methods

Device fabrication

We purchased graphene oxide (GO) dispersed in water from Graphene Supermarket (Calverton, NY, USA) for fabricating devices. The concentration of purchased GO solution was 6 mg/ml.

The solution was diluted in DI water to 2 mg/ml via sonication for 10 minutes. Then, GO solution of concentration 2 mg/ml in DI water was dropped on a clean Si/SiO 2 substrate (oxide thickness ~100 nm). The dropped solution on the substrate was kept idle for 30 seconds. Then, the GO was spun coated on the substrate with 2000 rpm for 60 seconds. To obtain RGO, the spin coated GO was reduced by an annealing inside the quartz furnace tube at 450 °C for 60 minutes under the flow of argon (Ar) gas (10 ml/s). The furnace tube was rapidly heated up to a target temperature of 450°C at the rate of 32.5 °C/min under a constant Ar flow (10 ml/s). A metal electrode (50 nm Au on 3 nm thick Ti) was deposited by thermal evaporation through a shadow mask. It is to be mentioned here, that we did not use any lithographic process to keep the RGO surface clean for electrical measurements. preamplifier, and the RMS power of the collected signals was obtained by a homemade RMS-todc converter built using an AD737 chip (purchased from Analog Devices). Note that the obtained noise power was the integrated value of noise (power spectral density) PSDs over the frequency (f) range of the pass band of the band-pass filter. By dividing the square of the measured RMS noise power with the bandwidth of the band pass filter, we obtained the noise PSD at the central frequency of the band. Finally, the measured current and noise PSD maps were analyzed using a network model to obtain the R and n eff maps of the domains of RGO.

Current and noise mapping

Results and discussion

Nanoscale mapping of sheet-resistances and noise-source activities in domains of RGO

Fig. 2a shows an atomic force microscopy (AFM) topography image of a thin layer of the RGO film. The image shows a clean surface with its roughness of ~1 nm which is a typical value for an individual RGO layer [START_REF] Gomez-Navarro | Electronic transport properties individual chemically reduced graphene oxide sheets[END_REF]. The scanning electron micrograph (supplementary information Fig. S1) also shows clean surfaces without any cracks or residues, indicating the high quality of our RGO samples.

Fig. 2b shows the corresponding current map of the RGO film. For the current mapping, the bias voltage of 0.4 V was applied to the metal electrode and the current output was measured using the conducting (Pt) AFM tip. The current map showed two distinctive regions with low (of the order of nA) and high currents (of the order of µA) separated by boundaries. The high current carrying areas (bright yellow regions) with average width ~500 nm could be the ordered conducting domains of the RGO, whereas low currents areas (dark regions) could belong to disordered insulating domains. The origin of high current regions could be the formation of sp 2 rich carbon atoms in the RGO, as predicted previously [START_REF] Eda | Chemically derived graphene oxide: Towards large-area thin-film electronics and optoelectronics[END_REF][START_REF] Mattevi | Evolution of electrical, chemical, and structural properties of transparent and conducting chemically derived graphene thin films[END_REF]. The sp 2 hybridization of the orbitals is responsible for high conductions in carbon allotropes. Previous works using c-AFM, Raman spectroscopy, near field scanning optical microscopy and electron microscopies show that RGO consists of conducting (sp 2 -rich) and insulating (sp 3 -rich) domains of similar sizes voltages, I increased as V 4 (slope of logI versus logV is ∼4, i.e. I ∝ V 4 ). It is to be noted that at high voltages, the current of insulating domains rapidly approached to the value of that of the conducting domains. These results implicate that the non-linear I-V characteristics of the RGO device arose due to the presence of insulating domains. The sudden rise in the current at higher voltages could be attributed to excess injected carriers in the insulating domains as reported previously [START_REF] Jung | Space charge limited conduction with exponential trap distribution in reduced graphene oxide sheets[END_REF].

In our previous work, we developed a computational iterative method to calculate a sheet resistance R map from a current map on a two-dimensional conducting channel [START_REF] Lee | Nanoscale direct mapping of noise source activities on graphene domains[END_REF]. Taking advantage of the method, we could obtain R maps from the current maps, showing the spatial distribution of R in RGO. The details of the calculation method are described in the supplementary information and supplementary Fig. S2, S3 and S4.

Fig. 2d (i) and (ii) shows R maps on the RGO film, obtained from the current maps Fig. 2b and supplementary Fig. S5, respectively. In the maps, the conducting and insulating domains could be clearly distinguished. The averaged sheet resistance value in the conducting domains was ∼10 7 Ω/ , which is consistent with the previously-reported sheet resistance of RGO on a SiO 2 substrate [START_REF] Eda | Chemically derived graphene oxide: Towards large-area thin-film electronics and optoelectronics[END_REF][START_REF] Zhu | Graphene and graphene oxide: synthesis, properties, and applications[END_REF]. On the other hand, the sheet resistance value in the insulating domains was estimated as ∼10 8 Ω/ and it was about an order of magnitude higher than that inside the conducting domains. This implies that insulating domains in a RGO film can obstruct the
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Presumably, the oxygen functional groups and other structural disorders in an insulating domain can act as carrier scattering centers obstructing charge conductions, resulting in the high R in a domain.

Fig. 2e shows a map of S I /I 2 (at ∼17.2 Hz) obtained from the noise PSD map measured simultaneously with the current map. Fig. 2b. Here, we first measured the map of noise PSD (S I ) at ∼17.2 Hz via the noise microscopy, and divided the measured S I map by the square of the current map to obtain the S I /I 2 map. During the measurement, the bias voltage of a 0.4 V was applied to the electrodes. In the conducting domains, the S I /I 2 values were ∼10 -6 Hz -1 which is comparable to the previously-reported S I /I 2 values on a pristine graphene [START_REF] Lee | Nanoscale direct mapping of noise source activities on graphene domains[END_REF][START_REF] Liu | Origin of 1/f noise in graphene multilayers: Surface vs[END_REF][START_REF] Balandin | Low-frequency1/f noise in graphene devices[END_REF][START_REF] Pal | Microscopic mechanism of 1/f noise of in graphene: Role of energy band dispersion[END_REF]. On the other hand, the insulating domains in the RGO exhibited the S I /I 2 values of ∼10 -2 Hz -1 which is much higher than the S I /I 2 in the conducting domains. This implies the higher activities of electrical noise-sources in insulating domains than in the conducting domains of RGO. Any electrical potential barriers or structural defects, which can produce charge scattering with a relatively long trapping time, can produce fluctuation in electrical currents, thus generating electrical noises. For example, it is reported that the electrical and structural inhomogeneities and defects produce localized electronic states which can trap charge carriers for certain time periods [START_REF] Xu | Effect of spatial charge inhomogeneity on 1/f noise behavior in graphene[END_REF][START_REF] Pal | Microscopic mechanism of 1/f noise of in graphene: Role of energy band dispersion[END_REF]. Such localized states produced by electrical and structural defects or scattering are collectively termed as noise-sources. Previous works suggested that an insulating domain in RGO has abundance of lattice disorders, dangling bonds, and chemical functional groups [START_REF] Eda | Chemically derived graphene oxide: Towards large-area thin-film electronics and optoelectronics[END_REF][START_REF] Zhu | Graphene and graphene oxide: synthesis, properties, and applications[END_REF][START_REF] Mativetsky | Local current mapping and patterning of reduced graphene oxide[END_REF][START_REF] Joung | High yeild fabrication of chemically reduced graphene oxide field effect transistors by dielectrophoresis[END_REF][START_REF] Becerril | Evaluation of solution-processed reduced graphene oxide films as transparent conductors[END_REF][START_REF] Mattevi | Evolution of electrical, chemical, and structural properties of transparent and conducting chemically derived graphene thin films[END_REF].

Such nanostructured defects in the insulating domain can provide localized electronic states and act as charge traps which randomly trap and release charge carriers in the domain [START_REF] Joung | High yeild fabrication of chemically reduced graphene oxide field effect transistors by dielectrophoresis[END_REF][START_REF] Zhu | Schottky diode characteristics and 1/f noise of high sensitivity reduced graphene oxide/Si heterojunction photodetector[END_REF] shown in the supplementary information. In brief, we modeled the RGO film as a two-dimensional network on a x-y plane comprised of small RGO segments of a square shape with its area of (∆l) 2 . A RGO segment at a (x, y) was assumed to have a sheet resistance R (x, y)

and an effective noise-source density n eff (x, y). Each node at a (x, y) can be considered as a point where a conducting AFM tip was placed to measure I(x, y) and S I (f, x, y) in our experiments.

Each node at (x, y) was connected with four neighboring nodes through small RGO channels with its area of (∆l) cm -2 eV -1 . At the domain boundaries, the n eff was about ∼10 15 cm -2 eV -1 . In a quantitative manner, the results directly show that the density of electronic traps is much higher in the insulating domain in RGO than in the conducting domain, which has been only theoretically estimated before. The lattice disorders, dangling bonds, and chemical functional groups, which are abundant in the insulating domains, could act as electronic traps and result in the high n eff in the domains, as suggested in previous works [START_REF] Joung | High yeild fabrication of chemically reduced graphene oxide field effect transistors by dielectrophoresis[END_REF][START_REF] Becerril | Evaluation of solution-processed reduced graphene oxide films as transparent conductors[END_REF][START_REF] Mattevi | Evolution of electrical, chemical, and structural properties of transparent and conducting chemically derived graphene thin films[END_REF][START_REF] Wang | Nanoscale charge distribution and energy band modification in defect-patterned graphene[END_REF][START_REF] Shaw | Nanoscale current spreading analysis in solution-processed graphene oxide/silver nanowire transparent electrodes via conductive atomic force microscopy[END_REF][START_REF] Robinson | Reduced graphene oxide molecular sensors[END_REF][START_REF] Zhu | Schottky diode characteristics and 1/f noise of high sensitivity reduced graphene oxide/Si heterojunction photodetector[END_REF]. In RGO, the dominant charge transport mechanism can be hopping [START_REF] Mattevi | Evolution of electrical, chemical, and structural properties of transparent and conducting chemically derived graphene thin films[END_REF]. In a conducting domain of RGO, a large number of hopping states exist. Thus, the charge carriers mainly flow through the hopping states and the trap-to-trap transition of carriers is limited [START_REF] Kajen | Charge transport in lightly reduced graphene oxide: A transport energy perspective[END_REF][START_REF] Arkhipov | Effective transport energy versus the energy of most probable jumps in disordered hopping systems[END_REF][START_REF] Fishchuk | Nondispersive charge-carrier transport in disordered organic materials containing traps[END_REF][START_REF] Shekhar | Mapping nanoscale effects of localized noisesources activities on photoconductive charge transport in polymer-blend films[END_REF][START_REF] Fishchuk | Transition from trapcontrolled to trap-to-trap hopping transport in disordered organic semiconductors[END_REF]. In this case, the charge traps obstruct the charge conduction by reducing the carrier mobility [START_REF] Fishchuk | Nondispersive charge-carrier transport in disordered organic materials containing traps[END_REF][START_REF] Fishchuk | Transition from trapcontrolled to trap-to-trap hopping transport in disordered organic semiconductors[END_REF].

Further, previous works based on an effective medium approximation theory [START_REF] Fishchuk | Transition from trapcontrolled to trap-to-trap hopping transport in disordered organic semiconductors[END_REF] show that the mobility (µ) can be inversely proportional to the square root of the charge trap density as

µ ∝ n eff -0.5 , (1) 
when the trap states have a Gaussian distribution in the energy domain with a rather large distribution width as reported for the RGO [START_REF] Li | Enhancing efficiency of perovskite solar cells via surface passivation with graphene oxide[END_REF]. Note that the conductivityΣ is proportional to neµ, and the conducting domains have nearly uniform carrier density (n) as carbon atoms have mostly sp 2 bondings [START_REF] Mativetsky | Local current mapping and patterning of reduced graphene oxide[END_REF]. Thus, this result is consistent with our observation of Σ ∝ n eff -0.5 in the conducting domains. On the other hand, the insulating domains have only few numbers of hopping states and have a large number of trapping states. In this case, the charge conduction through the hopping states is limited, and charge carriers are mainly flown by tunneling from a trapping state to another trapping state [START_REF] Li | Enhancing efficiency of perovskite solar cells via surface passivation with graphene oxide[END_REF][START_REF] Arkhipov | Analytic model of carrier mobility in doped disordered organic semiconductors[END_REF][START_REF] Arkhipov | Effect of doping on the density of states distribution and carrier hopping in disordered organic semiconductors[END_REF][START_REF] Eda | Insulator to semimetal transistions in Graphene oxide[END_REF]. In such trap-to-trap conduction, the carrier mobility can have a direct correlation with the trap density as traps assist in conduction [START_REF] Arkhipov | Analytic model of carrier mobility in doped disordered organic semiconductors[END_REF][START_REF] Arkhipov | Effect of doping on the density of states distribution and carrier hopping in disordered organic semiconductors[END_REF][START_REF] Eda | Insulator to semimetal transistions in Graphene oxide[END_REF][START_REF] Vianelli | Observation of different transport regimes and large magnetoresistance in graphene oxide layers[END_REF].

Particularly, when the trap density is rather high as in the insulating domains of RGO, the mobility µ can be proportional to the square root of the charge trap density [START_REF] Fishchuk | Transition from trapcontrolled to trap-to-trap hopping transport in disordered organic semiconductors[END_REF]. Then, the relationship Σ ∝ n eff 0.5 is consistent with our result. It is also worth mentioning that our results are consistent with previous studies about the electrical characteristics of RGO with varying temperature measurements [START_REF] Pingel | Comprehensive picture of p-yype doping of P3HT with the molecular acceptor F 4 TCNQ[END_REF][START_REF] Zuo | Impact of doping on the density of states and the mobility in organic semiconductors[END_REF]. For example, previous works show that the electrical
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15 transport of the RGO at different temperatures strongly depends on trap or noise-source densities which are determined by the reduction status of RGO. At a low reduction status when noisesource density is high, an activated conduction is observed in the RGO at a room temperature, which was attributed to the trap-to-trap transition of carriers. At a low temperature or in a highlyreduced GO film, there are not sufficient energy states for a direct transition among the traps, and hopping mechanism dominates. In this case, conducting domains and hopping of carriers can determine the conduction mechanism. On the other hand, at a room temperature, the insulating domains and trap-to-trap transition could contribute dominantly to the electrical conduction, which is consistent with our works [START_REF] Pingel | Comprehensive picture of p-yype doping of P3HT with the molecular acceptor F 4 TCNQ[END_REF][START_REF] Zuo | Impact of doping on the density of states and the mobility in organic semiconductors[END_REF]. These results provide important insights about the role of electronic traps as dominant noise-sources on the charge transports in different domains of RGO. Considering that the noise-sources can be a critical factor determining the characteristics of RGO-based devices, our work should significantly contribute to the basic researches and applications of RGO. In order to estimate the effect of electric fields on the R , we mapped the R values at the bias voltages of 0.2 V and 2 V, as shown in the Fig. 3a and 3b, respectively. The maps were calculated from corresponding current maps measured by the method described in supplementary information. The insulating domains showed R of the order of10 9 Ω/ at the low bias (0.2 V). At the high bias of 2 V, we observed over two orders of magnitude decrease in the R (<10 7 Ω/ ) in the insulating domains, as can be seen from the comparison of Fig. 3a and3b. On the other hand, we did not observe any significant changes in R for conducting domains due to the increase in the voltage. Note that the R of the insulating domains drastically decreased and nearly approached to the values of those of the conducting domains at the high bias. The results show that the high bias affected the electronic transport of the RGO, mostly in insulating domains. The distinctive behavior of R in the insulating domain of RGO could be attributed to the presence of the high density of defects, functionalities and disorders creating a high potential barrier [START_REF] Wang | Nanoscale charge distribution and energy band modification in defect-patterned graphene[END_REF]. A high bias could have provided sufficient energies to charge carriers to overcome the barrier Those injected carriers could outnumber intrinsic carriers in insulating domains resulting in rapid decrease in R [START_REF] Shekhar | Nanoscale direct mapping of localized and induced noise sources on conducting polymer films[END_REF][START_REF] Carbone | Space-charge-limited current fluctuations in organic semiconductors[END_REF][START_REF] Carbone | Trapping-detrapping fluctuations in organic space-charge layers[END_REF].

Effect of bias voltages on the noise-source activities in domains of RGO

M A N U S C R I P T A C C E P T E D

To observe the effects of a high bias on a noise-source density, we mapped and compared the n eff values at the bias voltages of 0.2 V and 2 V, as shown in the Fig. 3c and3d, respectively. The maps were calculated from the S I /I 2 maps (supplementary Fig. S7) obtained from the same area of the RGO device from which R map was measured in Fig. 3a. The maps show an overall decrease in n eff of the RGO at a high bias. The insulating domains exhibited the high n eff ∼10 15 cm -2 eV -1 at the low bias voltage of 0.2 V, whereas the n eff decreased by nearly three orders of magnitude at the high bias of 2 V. On the other hand, the n eff values in the conducting domains of the RGO decreased slightly at 2 V as compared to 0.2 V. The results indicate that the high bias voltage significantly affected the noise-source activities of the RGO. Presumably, noise-sources would have been passivated by excess injected carriers, leading to a large decrease in the n eff at the high bias voltage [START_REF] Carbone | Trapping-detrapping fluctuations in organic space-charge layers[END_REF][START_REF] Tietze | Fermi level shift and doping efficiency in pdoped small molecule organic semiconductors: A photoelectron spectroscopy and theoretical study[END_REF][START_REF] Tietze | Doped organic semiconductors: Trap-filling, impurity saturation, and reserve regimes[END_REF][START_REF] Shang | Trade-off between trap filling, trap creation, and charge recombination results in performance increase at ultralow doping levels in bulk heterojunctions solar cells[END_REF]. Since insulating domains have rather many noise-sources compared to conducting domains, we can expect the drastic decrease of the n eff in the insulating domains. It should be mentioned that such decrease in noise-sources at a high bias can make RGO devices advantageous for a high voltage operation because the most of organic materials-based devices exhibit increased noise-sources at a high bias. ) between ∆Σ and ∆n eff was observed in both conducting and insulating domains. The least square fittings (solid lines) of the data indicate that exponent t of the fitting curves on a log-log scale were ∼0.5±0.1 for both conducting and insulating domains.

A high bias generates a large number of carriers in RGO, which could shift a Fermi level towards a conduction (valance) band when electrons (hole) are majority carriers . Due to the shift in a Fermi level, traps and noise-sources whose energy levels are below the Fermi level would be passivated by charge carriers [START_REF] Tietze | Fermi level shift and doping efficiency in pdoped small molecule organic semiconductors: A photoelectron spectroscopy and theoretical study[END_REF][START_REF] Tietze | Doped organic semiconductors: Trap-filling, impurity saturation, and reserve regimes[END_REF][START_REF] Shang | Trade-off between trap filling, trap creation, and charge recombination results in performance increase at ultralow doping levels in bulk heterojunctions solar cells[END_REF]. When a high bias is applied, there exist excess electrical carriers in a system. Hence, some fraction of the noise-sources can be effectively filled with the carriers and do not contribute to the noise generation. The passivation of noise-sources refers to such screening of the noise-sources by the excess carriers. Since a Fermi level in RGO is a slowly varying function of n [START_REF] Zhu | Graphene and graphene oxide: synthesis, properties, and applications[END_REF], the Fermi level shift ∆E F is expected to be small. Then, ∆n eff and ∆n can be approximated as ∆n eff =-A∆E F , ∆n = B∆E F and ∆n=-E∆n eff where A, B, and E are proportionality constants. A change in a conductivity by a bias voltage change can be written as

∆σ = eµ h n h -eµ l n l = e(µ l +∆µ)(n l +∆n) -eµ l n l = eµ l ∆n + en l ∆µ +e∆µ∆n, (2) 
where subscripts h and l stand for the high and low bias conditions, respectively. A low bias noise-source density n eff_l can be expressed in terms of µ l by equation (1) as, n eff_l = .µ l -2 , where D is a proportionality constant. A high bias can affect a noise-source density by a large extent, and it can also bring some change in a mobility [START_REF] Carbone | Space-charge-limited current fluctuations in organic semiconductors[END_REF][START_REF] Carbone | Trapping-detrapping fluctuations in organic space-charge layers[END_REF][START_REF] Jung | Space charge limited conduction with exponential trap distribution in reduced graphene oxide sheets[END_REF]. Thus, a noise-source density at a high bias n eff_h can be written as n eff_h = .(µ l +∆µ) -2 . Assuming, ∆µ/µ l <<1 and applying Taylor expansion to n eff_h , we can obtain
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Thus, ∆µ dependence on n eff can be approximated as ∆µ=-,. . _# $-/ ∆ . Substituting µ and∆µ values in equation ( 2), we can obtain

∆σ = -.,/ _# $ / ∆ -,. # _# $-/ ∆ + .,/ $-/ ∆ _# ∆ . ( 4 
)
Analytically, a Fermi level shift can passivate more noise-sources if a noise-source density is high at that point. If the noise-source density change ∆n eff is originating from the Fermi level shift, then the ∆n eff would be rather large at the places where the n eff_l would be large.

Experimentally, we also observed the similar behavior showing a linear dependence between n eff and ∆n eff (see supplementary Fig. S8). Thus, n eff_l in equation ( 4) can be substituted by C∆n eff ,

where C is a proportionality constant. Then, equation ( 4) can be modified as

∆σ = -.,/1 $ / ∆ / -,.1 $-/ # ∆ $ / + .,/1 $-/ ∆ / . ( 5 
)
If ∆n eff is much larger than initial carrier density n l , which holds in our cases due to the passivation of a large number of noise-sources at the high bias, we can neglect 2 nd term in the equation ( 5) and it can be further simplified as

∆σ = -.,/1 $ + .,/1 $ ) ∆ / . ( 6 
)
This result indicates a relationship ∆σ ∝ ∆n eff 0.5 , explaining our experimental results. Some data deviate from the approximation, resulting in the broadening of data points in the plots.

Interestingly, equation ( 6) is also valid for the plots of insulating domains, implicating that a similar hopping process could dominate transports in an insulating domain at a high bias. A high
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bias creates a plenty of carriers in insulating domains, and those carriers make hopping more favorable than trap-to-trap transitions [START_REF] Fishchuk | Nondispersive charge-carrier transport in disordered organic materials containing traps[END_REF]. range (1 Hz-10 kHz), the normalized PSD of a conducting domain as well as an insulating domain followed a f -β behavior for all voltage conditions (0.2 to 3V). The exponent β was estimated from the slopes of the spectra, ranging from 0.9 to 1.1. These results show that the conducting and the insulating domains of the RGO device had a typical 1/f noise behavior at low frequencies as previously reported, implying that the noises originated in the multiple noise-sources of varying relaxation times (trapping-de-trapping time) [START_REF] Robinson | Reduced graphene oxide molecular sensors[END_REF][START_REF] Zhu | Schottky diode characteristics and 1/f noise of high sensitivity reduced graphene oxide/Si heterojunction photodetector[END_REF][START_REF] Lee | Nanoscale direct mapping of noise source activities on graphene domains[END_REF][START_REF] Balandin | Low-frequency1/f noise in graphene devices[END_REF].

The noise PSD of both conducting and insulating domains were decreased by nearly four orders of magnitude as a bias voltage was increased from 0.2 to 3 V. Interestingly, a broad peak appeared at ∼3 kHz in the PSD spectra of the insulating domains at low voltages (0.2 to 0.4 V), whereas the peak did not exist in the spectra of the conducting domains. The voltage dependence of noise PSD reduction could be due to the passivation of noise-sources by a high bias [START_REF] Carbone | Trapping-detrapping fluctuations in organic space-charge layers[END_REF]. The broad peak in the insulating domains could be attributed to the distribution of relaxation processes [START_REF] Russell | Direct observation of molecular cooperativity near the glass transition[END_REF]. Usually, the relaxation function (ϕ) for a specific relaxation process decays exponentially and follows a relation like ϕ ∝ e -t/τ where τ is the relaxation time [START_REF] Russell | Direct observation of molecular cooperativity near the glass transition[END_REF][START_REF] Raychaudhury | Measurement of 1/f noise and its application in materials science[END_REF]. The noise PSD of this relaxation process generates a Lorentzian noise of a type 2τ/[1+(2πfτ) 2 ], and numerous such relaxation processes having different τ result in the 1/f kind of noise [START_REF] Eda | Insulator to semimetal transistions in Graphene oxide[END_REF]. On the
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other hand, previous works show that heterogeneities, organic functionalities and disorders in the RGO could produce a different kind of relaxation process which decays non-exponentially (e.g. polynomial etc) [START_REF] Russell | Direct observation of molecular cooperativity near the glass transition[END_REF][START_REF] Raychaudhury | Measurement of 1/f noise and its application in materials science[END_REF]. In an insulating domain of the RGO, the different clusters of atoms with -OH and -COOH groups (2-4 nm of size) could cooperatively produce additional non-exponential relaxations [START_REF] Kaniyankandy | Ultrafast relaxation dynamics in graphene oxide: Evidence of electron trapping[END_REF][START_REF] Islam | Evidence of interfacial charge trapping mechanism in polyaniline/reduced graphene oxide nanocomposites[END_REF][START_REF] Gong | Unusual dielectric-strength of Debye relaxation in monohydroxy alcohols upon mixing[END_REF]. Such relaxation process generates a broadened peak in a noise PSD versus frequency spectrum [START_REF] Russell | Direct observation of molecular cooperativity near the glass transition[END_REF][START_REF] Kaniyankandy | Ultrafast relaxation dynamics in graphene oxide: Evidence of electron trapping[END_REF][START_REF] Gong | Unusual dielectric-strength of Debye relaxation in monohydroxy alcohols upon mixing[END_REF]. Fig. 4a shows the R map of the RGO sample annealed for 15 minutes. Fig. 4b is the R map of the same region after subsequent annealing for 30 minutes. The furnace tube was rapidly heated up to the target temperature of 450 °C at a rate of 32.5 °C/min, and the RGO was annealed at the temperature for different time periods under the flow of argon (Ar) gas (10 ml/s).

Effect of thermal annealing on the sheet-resistance and noise-source activities

We made scratch marks on the device to identify a specific location and used them to come back to the same area for mapping after the annealing process. A bias voltage of 0.4 V was applied during electrical measurements. Most of the part of the RGO (Fig. 4a) showed R values higher It has been previously reported that during the annealing process, the oxidized regions of the GO can be slowly converted to the sp 2 configuration which leads to the delocalization of the carriers [START_REF] Eda | Chemically derived graphene oxide: Towards large-area thin-film electronics and optoelectronics[END_REF][START_REF] Zhu | Graphene and graphene oxide: synthesis, properties, and applications[END_REF][START_REF] Mativetsky | Local current mapping and patterning of reduced graphene oxide[END_REF]. Further, the conducting domains grow in the size and contributed in the electrical conduction [START_REF] Eda | Chemically derived graphene oxide: Towards large-area thin-film electronics and optoelectronics[END_REF][START_REF] Zhu | Graphene and graphene oxide: synthesis, properties, and applications[END_REF][START_REF] Mativetsky | Local current mapping and patterning of reduced graphene oxide[END_REF]. Previously, it was reported that the annealing of the RGO produces large conducting domains which are rich in sp 2 hybridized carbon atoms [START_REF] Mativetsky | Local current mapping and patterning of reduced graphene oxide[END_REF][START_REF] Lee | Friction and conductance imaging of sp 2 -and sp 3 -hybridized subdomains on single layer-graphene oxide[END_REF][START_REF] Ramrez | Synthesis of conducting graphene/Si 3 N 4 composite by spark plasma sintering[END_REF][START_REF] Saha | Investigation of the surface plasmon polariton and electrochemical properties of covalent and non-covalent functionalized reduced graphene oxide[END_REF]. Hence, annealing process increases the concentration of delocalized π electrons due to the formation of large sp 2 conducting domains. In a way, an annealing process is similar to a doping process and increases the carrier concentration, resulting in a small shift in the Fermi level. Note that the R maps in our method allowed us to monitor the microscopic changes in the domains of the RGO on an annealing, providing important insights about the growth mechanism and electrical conduction of the domains. 

  Interestingly, the increased bias voltage resulted in the increased conductivity ∆Σ and decreased noise-source density ∆n eff with a relationship like ∆Σ ∝-∆n eff 0.5 in both conducting and insulating domains, which was explained by the passivation of noise-sources at the high bias voltage. The thermal annealing process increased the area of conducting domains. Most of the increased conductivity and decreased noise-source density, while the conducting domains exhibited the relationship like ∆Σ ∝-∆n eff 0.5 . These results show that charge transports and noise-sources are closely related, and the noise-source activities even play a determinant role in the nanoscale charge transport phenomena of RGO films. These results
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 1 Fig. 1. Schematic diagram showing the experimental set-up for the nanoscale mapping of noise-source

Fig. 1

 1 Fig.1shows a schematic diagram of a set-up for the current and the noise imaging on a RGO

[ 7 , 9 ,Fig. 2 .

 792 Fig. 2. Nanoscale mapping of sheet-resistances (R ) and noise-source activities in RGO.(a) Contact

Fig. 2c is

  Fig. 2c is a typical current-voltage (I-V) curve of conducting and insulating domains. To

  Fig.2eand supplementary Fig.S6, respectively. The detailed calculation method for the n eff is

  (i) and (ii)), the effective noise-source density n eff (x, y) at each point could be calculated from the S I (f, x, y) values at the corresponding node at (x, y) (details in the supplementary information).The n eff maps show the inhomogeneous distributions of the trap densities on the RGO film. TheM A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT13 conducting domains exhibited n eff values in the range of ∼10 11 to 10 13 cm -2 eV -1 . On the other hand, the insulating domains exhibited rather high n eff values in the range of ∼10 13 to 1015 

Fig. 2g is

  Fig. 2g is a scatter plot showing the relation between the effective noise-source density n eff and the sheet-conductance Σ on a RGO film. Each data point in the plot shows a pair of n eff and Σ values at an individual position on the RGO film. The data from the conducting and

Fig. 3 .

 3 Fig. 3.Effect of bias voltages on the noise-source activities in the conducting and the insulating domains

  domains, resulting in enhanced carrier injections from the electrodes.

Fig. 3e shows

  Fig. 3e shows scatter plots of ∆Σ versus ∆n eff in conducting (black curve) and insulating (red curve) domains. Each data point in the plot represents a pair of ∆n eff and ∆Σ values at the individual positions of the RGO film. The Σ (or n eff ) map at 0.2 V was subtracted from corresponding map at 2 V to obtain ∆Σ (or ∆n eff ) values. A positive correlation following a

Fig.3f and

  Fig.3f and 3g show the frequency dependence of normalized noise PSD (S I /I 2 ) at different

Fig. 4 .

 4 Fig. 4. Effect of thermal annealing on the sheet resistance and noise-source activities in the conducting

than 10 9

 9 Ω/ in the sample annealed for 15 minutes. Only a few tiny patches of conducting domains of average size ∼100 nm exhibited R values below 10 8 Ω/ . Since the boundaries of the conducting domains had large R (~10 8 Ω/ ), the conducting domain could be easily visualized in the Fig.4a and 4b. One of the conducting domains is marked by blue dotted lines in Fig.4a and 4b. When the RGO sample was subsequently annealed for another 30 minutes (Fig.4b), the conducting domains became larger and exhibited rather low R (∼106 Ω/ ) values. The insulating domains also showed a considerable decrease in R and most of the regions of the insulating domains exhibited R values below 10 8 Ω/ after annealing for 30 minutes. The results show that the annealing of the RGO could restore the conductivity in both conducting and insulating

Fig. 4c shows

  Fig.4cshows the n eff map of the RGO annealed for 15 minutes. The n eff map was calculated from S I /I 2 map (supplementary Fig.S9) obtained on the same area where the R map in the

Fig. 4d shows

  Fig.4dshows the n eff map of the RGO after a subsequent annealing for 30 minutes at 450 o C.
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26 lower than 10 14 cm -2 eV -1 , indicating that overall n eff decreased by nearly two orders. The conducting areas with a low n eff became larger and their boundaries got extended. The central regions of conducting domains exhibited a very low n eff value of ∼10 10 cm -2 eV -1 which is comparable to that of the graphene [START_REF] Lee | Nanoscale direct mapping of noise source activities on graphene domains[END_REF]. These results clearly show that the prolong annealing can significantly reduce the n eff of the RGO film. Previous studies show that an annealing provides a thermal energy which could reduce lattice disorders, dangling bonds, and chemical functional groups in RGO [START_REF] Zhu | Graphene and graphene oxide: synthesis, properties, and applications[END_REF][START_REF] Mativetsky | Local current mapping and patterning of reduced graphene oxide[END_REF][START_REF] Joung | High yeild fabrication of chemically reduced graphene oxide field effect transistors by dielectrophoresis[END_REF][START_REF] Becerril | Evaluation of solution-processed reduced graphene oxide films as transparent conductors[END_REF][START_REF] Mattevi | Evolution of electrical, chemical, and structural properties of transparent and conducting chemically derived graphene thin films[END_REF]. It was reported that the annealing process could remove the defects like -OH and -COOH functionalities and dangling bonds [START_REF] Gomez-Navarro | Atomic structure of reduced graphene oxide[END_REF][START_REF] Chen | Self healing of defected graphene[END_REF]. The removal of these functionalities creates crystallographic misfits in structures which are further healed to sp 2 hybridization, increasing the structural order-ness. Further, previous results by TEM imaging have shown such a healing process of defected graphene/RGO to sp 2 configuration by an annealing [START_REF] Gomez-Navarro | Atomic structure of reduced graphene oxide[END_REF][START_REF] Chen | Self healing of defected graphene[END_REF]. The annealing also restores graphitic ordered structures, resulting in the reduction of electronic traps and low n eff in the domains. Our methods enabled the microscopic monitoring of annealing effects on the properties of RGO films including the growth of sp 2 rich carbon film by an annealing. Fig. 4e shows the scatter plot of a change in Σ versus a change in n eff on the subsequent annealing. To obtain ∆Σ (or ∆n eff ) values, Σ (or n eff ) at 15 minutes annealed film were subtracted from corresponding values of the same film after subsequent 30 minutes annealed film. The data points of conducting and insulating domains are plotted with black and red colors, respectively. Note that the conducting and the insulating domains exhibited different behaviors in the ∆Σ versus ∆n eff plot. The data points of the conducting domains (black color) showed a power-law dependence following ∆Σ ∝-∆n eff 0.5 as indicated by the red fitting line. However, we could not establish any correlation in insulating domains due to the wide variation of the data.

Presumably, in conducting domains, the subsequent annealing of a RGO sample removes defects and increases carrier concentrations [START_REF] Joung | High yeild fabrication of chemically reduced graphene oxide field effect transistors by dielectrophoresis[END_REF][START_REF] Becerril | Evaluation of solution-processed reduced graphene oxide films as transparent conductors[END_REF][START_REF] Mattevi | Evolution of electrical, chemical, and structural properties of transparent and conducting chemically derived graphene thin films[END_REF]. Previously, it has been observed that the annealing of the RGO can lead to a Fermi level shift in the disordered graphitic sample due to generation of additional carriers [START_REF] Coletti | Charge neutrality and bandgap tuning of epitaxial graphene on SiC by molecular doping[END_REF][START_REF] Negishi | Band-like transport in highly crystalline graphene films from defective graphene oxides[END_REF]. Therefore, we can apply equation ( 6) in this case as well which can explain the ∆Σ ∝-∆n eff 0.5 behavior in the conducting domains of the RGO. The subsequent annealing of insulating domain of the RGO could partially remove functional groups. However, ∆n eff could not be very large due to incomplete reduction, resulting in a wide variation of ∆Σ and ∆n eff data points on the plot. These results show that our method can be a useful tool to quantitatively investigate the effect of annealing on charge transport properties in the domain of a RGO film.

Conclusions

In summary, we report a strategy to measure the nanoscale noise-source-controlled charge transports in the domains of RGO films showing different conduction mechanism in conducting and insulating domains. In this method, we analyzed the maps of the sheet-resistance (R ) and noise-source density (n eff ). The maps showed two distinctive regions with rather high or low R (n eff ) values, which can be identified as conducting and insulating domains, respectively. In fact, the insulating domains exhibited up to 3-4 orders higher values of R and n eff , which could be attributed to the presence of functionalities and defects. Interestingly, the sheet-conductance (Σ ) and noise-source density in the conducting and the insulating domains were found to be correlated by an inverse (Σ ∝ n eff -0.5 ) and a direct (Σ ∝ n eff 0.5 ) power-law dependence, respectively. The different behaviors can be attributed to the difference in conduction

28 mechanisms controlled by n eff in the domains. Notably, a high bias passivated the noise-sources, resulting in a large increase in the conductance and decrease in the noise-source density.

Furthermore, the change in the sheet-conductance ∆Σ versus the change in noise-source ∆n eff due to a high bias also exhibited a power law behavior like ∆Σ ∝-∆n eff 0.5 which could have been associated with noise-source passivation by the high bias voltage. A thermal annealing improved the electrical properties of the RGO, resulting in increased sheet-conductance and decreased noise-sources. Furthermore, the conducting domains evolved to larger in sizes, and the ∆Σ versus ∆n eff plot followed a relationship like ∆Σ ∝-∆n eff 0.5 presumably due to the enhancement of the carrier density on the annealing. Our results of mapping the nanoscale effects of noise-source activities provide valuable insights on mesoscopic transports in RGO domains and can have significant impacts on basic researches and practical applications.
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