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Supplementary data to the manuscript:

Section 1:Additional Raman Data

In addition toFigure 3(a) in the main text Figure S1 shows the Raman map for various other
graphene Raman signatures. Figure S1(a) shows the ratio of 2D/G peak intensities. Two
white arrows indicate areas of bilayer graphene (see microscope picture in the main text
Figure 3(b)). Although these are both bilayer graphene regions both regions show a different
2D/G ratio which arises due to different rotations between the first and second graphene
layer! The same is true for the full width half maximum (HM) of the 2D peak, 2D

intensity, 2D peak position and G peak position which are all affected by the rotational
alignment between bilayers. The G peak intensity appears to be least affected by rotational
alignment and can therefore be used by itself toaelg distinguish between layer number.
However, peak intensity is also dependent on how well the sample is focused and the
underlying substrate and would need to be calibrated with a reference sample if the G peak

intensity is to be used as a direct indimaof layer number.
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position, (e) G peak intensity and (f) G peak position map. All scalars are 50 pm.

Figure S2 shows a Raman spectrum acquirdaication (1) shown in Figurgly) in the main

text. The spectrum shows a peak at positied870 crmt which corresponds to monolayer h
BN?2
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FigureS2 Raman signature of N transferredon Si/SiQ substrate

Section 2: Choice of Ellipsometer Parameters foBN and Graphene

When optimising the contrast of a 3 component system of Sy/SiDstrate, graphene and
h-BN the contrast of all possible combination needs to be considered. Agsimpdify the
optimisation we a priori set= 550 nm, AOI = 60° a@k 45°. To find the optimum contrast
of all 4 regions shown in Figure 7(b) we measure an optical rotati®ranfl Aon the 4
regions (see Figure S3{d)). Next, we set a minimum thrésold intensity of 100 counts
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and find thePand A setting that maximises the contrast between the 4 regions by
considering the standard deviation of the region where all differences in intensities are
higher than 100 counts (Fig. S3(8fevisualizatiorof the regions where a minimum

contrast of 100 counts of all regions is given in Figure S3 (f). The optimal setting is found for
P=161° andA=57°.
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Figure S3Normalizedintensities measured foa Pand A rotation on (a) Si/SiQ, (b) Si/SiQ/h-BN, (c)Si/SiQ/ graphene
(d) Si/SiQ/h-BN/graphene. (e) (yellow) pixels declare regions where all differences in intensities for all regions are
higher than 100 counts. (f) Standard deviation of all differences in intensities. Maximum in contrast iscféomthe
highest standard deviation where all differences in intensitiase higher than 100 counts.

Section3: Extracting Quantitative Values and Artefacts

When determining layer number, 2D material contrast, coverage and level of surface
contaminatian the resultingmeasurementrror is linked to the contrast difference between
the different layers/contamination/uncovered regions. To illustrate thie show in Figure
S4 the contrast histograms of the images shown in Figure 3.
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Figure S4 (a) shows thiar Raman mapping the G peak intensity for 1 and 2 layers of
graphene can be well distinguished and can be fitted with Gaudsieentziancurves.

However, the G peak intensity difference between 2 and more layers ipri@ssunced,

and the fitted peaks @ broader and overlagConsequentlyit is more difficult to distinguish

2 or more layers by simply mapping the G peak intensity. For optical microscopy where we
plot the Rchannel contrast in Figure S4 (b) 1, 2 and 3 layers can be distinguished. For more
than 3 layers the fitted curves overlap which corresponds to an intensity where an
unambiguous distinction in layer number cannot be made. We note that for optical
microscopy optimised protocols for this task exists that may overcome this limitatien
Mapping provides the best contrast between layers as can be seen by the well separated
peaks in Figure S4 (c), weeeach peak corresponds to a different layer number and the
signal can be fitted by a Gaulssrentz curve without overlap. EQMsinge-= 450 nm, AOI =

50°, P =50° A =9° C =45°) also offers good contrast between 1, 2 and 3 lay€igure S4

(d)), whereas again the contrast is less well defined f@rldyersThe choice of ECM
parameters can be used to increase the separation of the peaks and thereby optimise the
contrast between different graphene layer thicknesses.
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Figure S4: Histogram of theontrast for the images shown in Figure 3 in the main text. The labels X, B, correspond
to the graphene layer number, the grey boxes correspond to the number of occurrences of this intensity, the green lines
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correspond to fitted curves and the red dt#d line to the overall fit. (a) Histogram for the Raman map as shown in

Figure 3(a), (blhistogram for the optical microscopy image shown in Figure 3(b), (c) histogram fontheap shown in

Figure 3(c) and (d) histogram for the ECM shown in Figure 3(d).

Using the area under the fitted peaks we estimate the respective coveragé tdyers and

the results are shown in Table S1. Note that the area used for Raman mapping is different

than for the other cases and thus different area coverage values arenelotai

Table S1: Percentage layer coverage from peak fitting as shown in Figure S4 for Raman mapping, optical microscopy,
ellipsometry n-mapping and ECM.

1-Layer | 2-Layers | 3-Layers | 4-Layers | 5-Layers | 6-Layers
Raman 27 % 35 % 12 % 9% 11% 7%
Microscope 16% 27 % 32% 9% 11% 6 %
n-Map 24 % 35 % 24 % 7% 5% 3%
ECM 17 % 29 % 25 % 13 % 10 % 6 %

Figure S5 shows the contrast histograms for the ECM measurements in Figure 5, Figure 6
and Figure 7 in the main text. On Si and@IECM contrast between graphene and
substrate is less pronounced than on Si/S&3ulting in more overlap of the respective

peaks in the histogram ploSimilarly for the Si/Si@sample with monolayer graphene and
h-BN where the layers can be distingjoed from each other and trgubstrate but some

overlap is found.
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Figure S5: Histogram for (a) graphene on Si measured by ECM, (b) graphene on Cu foil measured by jE@iEp @)
graphene on Cu foil and (CM ofmonolayer hBN and monolayer graphee on Si/SiQ.

When mapping very large areas as shown in Figure 5 we also observe some intensity
artefact that can be correlated to a small tilt of the sample as well as stitching related
artefacts as shown by an arrow in Figure S6 (a). Figure S6 (ayishdackthe intensity

region 0.150.26 that from Figure S5 (a) can be associated to graphene. Besides the
graphene area in theentreother areas on the wafer not covered with graphene show the
same ECM intensity which aagtefactsfrom sample tilt, stitching andontamination

Figure S6 (b) shows the Cu rolling striation induced artefact when thresholding for graphene
(intensity range: 0.00.25) in ECM measurement. Thitefactis significantly less

pronounced in thgr-map (intensity range: 0.00.31). We note that the quantitative results

could be improvedvith software packages that perform background correction, filter for
rolling striations and correct stitching artefacts.
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Figure S6: Intensity thresholding for graphene eoed regions, showing graphene in black. (a) ECM of graphene on Si,
the red arrow indicates stitching related artefacts (b) ECM of graphene on Cu foil and (g)-thap of graphene on Cu.

Section4: Detecting and Characterisingolymer Contamination

The graphene transfer procedure ceesult in a thin layer of polymerontamination
covering the graphenkyer. If this polymer films homogeneouslgovering the graphene
layer it will notbe visible as differential contrast in the EGivageunless a clen €.g.
exfoliated graphenejeferencesample is usedHoweverjmagingellipsometry can be used
to characterise the residuglolymer contamination withoutireference substrateWe
exemplarily show this for the sample of graphene on a Si wafer shotxigume 5 in the
main text.Figure S7 shows the comparisoreafM andgr-map, where in both cases obvious
contamination can be easily distiguish&{M is recorded for AGK0°,P=94°,C=45° A=
139°,<= 490 nm angh-map is acquired at AOI = 60° and 480 nmFor the two areas
shown in FigureS7(b) labelledA and B, the p spectrais shown in Figure S7(c). The arda
andBarerepresentative of a location with obvious contamination and without obvious
contamination respectively With the help of a model the thickness of the overlaying
polymer contamination can be estimated/e adopt a model of recent publications useng
layer ofPoly(methyl methacrylate) (PMMAthe graphenelayer and the substratéo extract
the PMMA thicknes4® For areaAthe best fit is obtained for a fitted PMMA thickness of
1.31 nm and for are8the best fit is obtained for 0.5 nm PMMA thickness.
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