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Thickness deter mination of pristine few-layer graphene on glass
Our experiments are based on few layer graphen@)Eeposited on both Sii and glass
substrates (10Am thick). The thickness of FLG on SiSi was determined by optical
contrast using 280nm Sj@nd green light, following a well-established teiciue described
in detail in Ref. [1]. Contrary to FLG on Sif3i, where the optical contrast can be maximized
by using the appropriate thickness of g&dd the wavelength of light, for FLGs deposited on
glass the contrast varies only slightly with thevelangth of light. Therefore, the thickness of
FLG on glass was determined by analyzing the imnfeon$the FLG optical micrographs
taken with white light (see Figure 1a). Figure hbws the optical contrast (C) of FLG on
glass, where C d¢(- 15)/1s X100% is the relative shift of the intensity of fiteke () with
respect to the intensity of the substrage (t is apparent that step-like changes are \asibl
with increasing optical contrast. As we will shddgaman spectroscopy demonstrates that
each step corresponds to an increase by 1 in tinéewof layers.

Raman spectroscopy offers a reliable approachuatdabe number of layers (N) in
FLG on SiQ/Si substrates, based on the ratios of the inteasf the G peak and the Si peak
(Icfls). It was recently shown that/ls; increases monotonically and discretely with N tue
an increase of the intensity of the G peak anddeaease of the intensity of the Si peak [2,
3]. In order to use this method, we placed thesgtadbstrate on top of a SISi substrates
with the FLGs facing the surface of Si(3ee Figure 1c). Figure 1d showsd; for FLG with
different N determined from the optical contragtld, increases monotonically with
increasing N as expected. This analysis showsoihtatal contrast and Raman spectroscopy
provide two independent methods which can be sstdgsused as a tool for determining

the thickness of FLG on glass.
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FIG. 1: a) Optical micrograph of a FLG flake onggdaken with white light. The glass
substrate was suspended in air. b) The opticatasindf FLG on glass plotted for 85 flakes.
c) Schematic of the glass substrate with FLG orofdpe SiGQ/Si. d) The ratios of the
intensities of the G peak and the Si peak ). The curves are shifted on the x axis for

clarity.

Homogeneity and stability in air of FeCl3-inter calated five-layer devices

We use Raman spectroscopy (see Experimental sgtdicharacterize the homogeneity of
the Fe( intercalation in FLGs after the fabrication ofcttécal contacts. Figure 2 shows a
micrograph picture of the 5L intercalated devicecdssed in Fig. 3 in the main text. A direct
comparison of the Raman spectra measured at Hieftflocations on the device, as
highlighted in the picture, shows no appreciableat@n in either intensity or position of the
Raman peaks. This demonstrates that our intercdflaiees have a high homogeneity, i.e. the

structure is the same at any point of the flakeadrticular, the peak at 1590 ¢ris the G-
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peak and its presence implies that at least onEhgree plane has no adjacent layers of §eCl
This graphene sheet is likely to be the top lag#ce rinsing of samples in acetone is known
to remove FeGlfrom the surface of the flakes [4]. The peaks&dt2tm® and at 1625cih
correspond to a uniform layer of intercalant on siake of the graphene and on both sides of
the graphene, respectively. The fact that the fledsthree single-layer intercalated planes
and one bilayer plane is also supported by Shubnikie Haas oscillations of the
longitudinal conductivity in strong magnetic figlskee Fig 1 in the main text). The crystal

structure of these flakes is reported in Fig. 2diars homogeneous throughout the flake.
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FIG. 2: a) Schematic crystal structure of a 5L ReRLIG after device fabrication. b) Optical
image of 5L FeGHFLG. c) Raman spectra of 5L Fe@ELG devices taken at different

locations as indicated in b).
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Another function required by a transparent conduiststability in air. Therefore, we
have studied the air stability of these interladd&Gs as a function of time. Fig. 3 shows a
comparison between Raman spectra collected atdaliff@ositions on a Fe&£bl sample,
after keeping the samples for 3 months (Fig. 3d)are year (Fig. 3b) in air. It is apparent
that the spectra show no appreciable change. Bnmodstrates the stability in air of FeGL

intercalated devices.
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FIG. 3: Raman spectra of a typical 5L FeELG devices taken at different locations after 3

months (a) and after one year (b).
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Comparison between FeCl3-inter calated four- and five-layer devices

Figure 4 (a) and (b) show a comparison betweeeltwtrical properties of several 4L and
5L intercalated FLGs devices. At room temperathee3L samples typically exhibit lower
values of sheet resistance than the 4L sampled=(gela). Furthermore we have measured
the temperature dependence for 3 intercalated Biples and they all show lower sheet
resistance than the 4L samples over all the inyat&td temperature range (see Fig 4b).
Figure 4c shows that the Raman spectra of 4L ialated FLGs devices is similar to the one
of 5L intercalated devices, i.e. they both showghesence of pristine G,;@nd G peaks.

This suggests that 4L and 5L intercalated devies® Isimilar crystal structures.
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FIG. 4: a) Room temperature square resistancelfand 5L FeG-FLG. b) Temperature
dependence of the square resistance for 4L an®blLHLG. ¢) Raman spectra of 4L and

5L FeCk-FLG devices.

Hall versustotal carrier concentration in a layered structure

The intercalation of Fegbetween the graphene planes originates paraleluaive layers,
each with a specific charge carrier concentratnand mobility ¢4). At low-magnetic fields,
the classical Hall effect measured for N paral@iductive layers is a function of the Hall
charge carrier concentratiay, = Y, n? u?/Y;n; u? [5]. We note thaty is smaller than the

total carrier concentratiom,,; = );; n;. This is apparent when considering
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ny Neff n; wj n; wj . . . .
IH = = which is less than unity. The relation
Neor Ly Ein)Einfud)  Tinful+Yieinjnu? y

ny/nie<1 together with Shubnikov-de Haas oscillations Rathan spectroscopy is used to

identify the number of parallel conductive layardeCi-FLG.

Cyclotron mass of chargecarriersin bilayer graphene

The semiclassical expression for the cyclotron nohsbkarge carriers is

m. = (h%/2m)0S(E)/IE with SE)=Ti the area enclosed by the orbits of the chargeerarri

in k-space [6]. The energy dispersion of bilayer graphis:E (k) = i% + /’;—12 + (hvgk)?

considering non-zero only the first neighbour hogpparameterg (in-plane) and;

2
W o 0k _ S+ (hpky?

(interlayer) [7]. The cyclotron mass is given lay, = oo 2Tk — = For bilayer
F

graphene electron(hole) charges,can be expressed as a function of the carrier

concentrationr{) as followsm, = /(hvp)2nn + (y1/2)%/vE withn = /k2/m [7].
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