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3. Roughness Measurements
1. Introduction

Intrinsic roughness/ripples

* Ripplesin graphene are ubiquitous — seen for both for graphene on hBN, A
SiO, [1] and suspended graphene [2]. -
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 Making hBN-G-hBN heterostructures is a well known strategy for \E

obtaining high quality grapene samples.
* Measurements of supported graphene on hBN have shown root mean
square roughnesses (Rgy) values of 100 pm even for thick hBN flakes [1].
 Here we show that the roughness can be reduced further by suspending
the heterostructure. -2.0 <
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Fig. 4 — plots of the logarithm of the diffraction spot amplitude as a function of the square of the distance from the zero order diffraction spot to the spot center. The slope
of the linear fits is proportional to the RMS roughness of the graphene.

2. Methods — In-situ TEM and Fabrication

Reciprocal space of rough graphene
The full 3D Fourier transform of rough
graphene in reciprocal space (u,v,w) consists of
a set of cones (Fig. 1).

hBN thickness dependence

For graphene on hBN we measured two hBN =~ ——__ w_nrnliﬁéiphene
flakes that were 15 nm and 30 nm thick, tsom 3

respectively, and found no dependence on

roughness.

No significant roughness difference

If the graphene is rough the diffraction spots
become diffuse when tilting the sample.

Fig. 1 —the 3D Fourier transform of rippled graphene ° °

consists of cones. The blue and red plane represent the 4 D FT S I m u I a t I O n S
Ewald sphere intersecting the density distribution to form [

diffraction patterns.

For G/hBN samples the spots remain the same. From first principles calculations of hybridized phonon bands we calculate

RMS out-of-plane atomic vibrations for carbon atoms in the following
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hBN/graphene stack on Si02, and (c) o —— Fig. 2 — (a) diffration patterns of graphene and graphene/hBN at 0°, 18°
on TEM chip. (d) Hot pick-up 110°C and 36° tilt. (b) intensity of the circled second order graphene diffraction
procedure, (i) pick-up of hBN, (ii) 'd rop-down' spots. Peaks are normalised to the 0° tilt intensity. Note that the

intensity is 10x for suspended graphene at 36° tilt.

drop down on graphene, (iii) release
of polymer stack. Fig. taken from ref.
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