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1. Schematic of the inductively coupled plasma-enhanced CVD reactor
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Fig. S1 Schematic of the inductively coupled plasma-enhanced CVD reactor.

Working frequency 13.56 MHz, input power up to 1.0 kW.
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2. SEM and TEM images of the petal-like and tree-like graphene networks

Fig. S2 SEM (a) and TEM (b) images of the petal-like graphene networks
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Fig. S3 Low (a) and high (b) resolution SEM images

of the tree-like graphene networks
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3. 3D representation of the petal-like and tree-like graphene networks

Fig. S4 3D representation of the petal-like (a) and tree-like (b) graphene networks
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4. Details on the electrical transport measurements

Electrical transport properties of the vertical graphene networks were investigated using a
14T Physical Properties Measurement System (PPMS). The resistances were obtained by
applying afixed electric current of 10 pA through the two outer silver contacts (see schematic
of measurementsin Fig. 1 in the paper text) and monitoring the voltage drop between the two
inner contacts. The temperature dependences of the networks resistivity were measured at a

zero magnetic field.

Figure S5 shows that the resistance of the petal-like graphene network decreases with
temperature, thus demonstrating a semiconductor-like behaviour. This network have a
relatively low order of graphitization with quite significant defects at ultra-long edges and
boundaries, where the Tr-€electrons could be trapped and get to the localized states. Charge

carriers can easily move through the variabl e range hopping based on the localized states.

The Mott variable range hopping model describes conduction in strongly disordered systems
with localized states and is expressed as

1
R=R, exp[%)dﬂ | (1)

where d is the dimensionality, Ry is a constant, and Ty is the Mott characteristic temperature
depending on the eectronic structure’. The temperature dependence of the resistance of

graphene network has been analyzed using equation (1).

As shown in the inset in Fig. S5, the dependence of In(R) versus T** (d = 3) shows a quite
linear fitting, thus indicating that the 3D VRH conduction controls the electron transport in
petal-like graphene networks.

The R(T) dependence for the tree-like graphene network is shown in Fig. S6. This dependence
also displays a semiconductor-like electrical behaviour at low temperatures. Compared with
petal-like network, the tree-like network has nanoribbon-like boundaries and this can lead to
the formation of necks at the contact points of vertical graphene flakes. Irregularities on the
boundaries a'so may induce formation of the constrictions and quantum dots, which lead to a
remarkable electron-electron correlation.? These nanoribbon-like necks cause an abrupt
reduction of conducting channels and thus result in quantum confinement effects and

Coulomb blockade.® The connected edge points act as bottlenecks which eventually determine
6
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the conductance of the tree-like network. The R(T) data for the tree-like networks can be well

fitted with a percolation model, as shown in theinset of Fig. S6.
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Fig. S5 Resistance as a function of temperatures in petal-like graphene network at a zero

magnetic field. The inset shows the R(T) fitting with the VRH model.

VFGNSsII

O v T v T v T T T T T T
O 50 100 150 200 250 300
T (K)
Fig. S6 Resistances as a function of temperatures in tree-like graphene network at zero

magnetic field. The inset shows the R(T) fitting with percolation model.
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