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Figure S1.  Micro-scaled graphene pieces after transfer from graphene foams (a) and (c). The samples 

with electrodes after nanofabrication by e-beam lithography (b) and (d). The wrinkles can even be seen in 

sample 2. The distance between two cross markers is 100 μm. 

 



 

Figure S2. (a) Measurement configuration of angular-dependent magnetoresistance. (b) A 3D plot of 

magnetoresistance as a function of the magnetic field and the rotation angle between the magnetic field 

and the direction of the current. (c) The fitting of anisotropic magnetoresistance of graphene foam under a 

magnetic field of 9 T at 2 K. (d) The derivative of MR at 2 K with respect to magnetic field, B, at different 

angles. (e) The second derivative of MR at 2 K relative to magnetic field, B, at different angles. (f) The 



angular dependence of the peak position field (n=2) shows a  characteristic. The inset shows the 

linear plot of peak position vs . 
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Figure S3. (a) Quite small MR of nickel skeleton at various temperatures; (b) room temperature 

magnetization of graphene foams on a dependence of magnetic field. 

  



Note 1 

To uncover the physical origin of large, positive and linear magnetoresistance in our 

graphene foams, we firstly stuidied the transport mechanism in our unique graphene foams with 

3D interconnected network. Angular dependence of magneto-transport can be a powerful tool for 

exploring the dimensionality of the Fermi surface and/or electrical transport properties.1-3 For a 

2D Fermi surface, the peak positions of SdH oscillations depend solely on the perpendicular 

component of the magnetic field, cosB B θ⊥ = ,3, 4 where θ is the angle between the magnetic 

field, B, and the normal of the current plane, as shown in the schematic configuration of the 

measurement (Figure 2a). Given to the 2D electron gas characteristic of graphene and 3D 

network, we check the dimensionality of our graphene foam through anisotropic magneto-

transport properties. The 3D diagram of the anisotropic magnetoresistance (AMR) measured at 2 

K shows that MR is linearly proportional to the applied magnetic field at different angles, see 

figure 2b. Transport dimensionality can be examined by comparing experimental data with 

theoretical/fitted data. For 2D transport, the AMR is expected to follow the angular dependence 

AMR cosθ∝ , whereas for 3D transport (surface state), it is expected to follow AMR cosθ∝ . 

Figure 2c shows that neither dimensionality perfectly describes the experimental data; however, 

the 2D model appears to be a better fit than the 3D model, particularly when θ is near 90° and 

270°. Overall, AMR behavior appears to be dominated by 2D transport with a weak influence 

from the 3D component. Careful examination of the structure of the graphene foam easily 

explains the characteristics of the electrical transport process. As shown in Figures 1a and 1b, the 

3D conducting networks are. Although conduction of graphene within flat areas appears to be 2D 

in nature, the nearly random network causes the current to have 3D characteristics. In other 

words, microscopically, transport is 2D in nature but macroscopically, the current follows a 3D 



network. Figure 2d gives the dependence of MR /d dB on magnetic field B applied at different 

angles. Peaks in SdH oscillations clearly shift with increasing angle θ, and oscillation quickly 

attenuates with increasing θ (above 60°) because the amplitude of SdH oscillations strongly 

depends on the strength of the perpendicular component of the magnetic field.2 To accurately 

extract the peak position at different angles, second derivative of MR is plotted in Figure 2e, in 

which we can observe the peak position (n=2) shift more obviously with the increase of rotation 

angle θ. We obtained peak positions (n=2) that are characteristic of 1/cosθ dependence (Figure 

2f), further evidencing the 2D nature of the Fermi surface of our graphene foams. Thus, our 

graphene foam has a unique macroscopic structure with conductive behavior that can be 

considered to be a combination of a 2D Fermi surface and a 3D network. 

 

 

Note 2 

We have used the Energy-dispersive X-ray spectroscopy to rule out remaining Ni in the 

graphene. The MR effect of nickel skeletons are measured at different temperatures.  As shown 

in figure S3a, the MR of Nickel skeleton is only a few percent from 100K to 300K, and more 

interestingly the sign of MR change from positive to negative at around 200 K. This positive MR 

of nickel is similar to the results reported by others Ref. 5.5 We tried to determine its magnetic 

property through magneto-optic Kerr effect first. However, no ferromagnetic-like signals, i.e. 

hysteresis loops, were observed. We then measured the magnetization for large foams. As shown 

in figure S3b, the magnetization is rather low. More importantly, it shows an overall diamagnetic 

behavior that comes from carbon. So the transport properties observed here should not be related 

to the magnetism, such as ferromagnetic or antiferromagnetic properties. Furthermore, the MR 



effect in magnetic materials is usually spin dependent and negative rather than a very large, 

linear magnetoresistance.  



References 

 

1. J. G. Analytis, J. H. Chu, Y. L. Chen, F. Corredor, R. D. McDonald, Z. X. Shen and I. R. Fisher, Phys 
Rev B, 2010, 81, 205407. 

2. K. Eto, Z. Ren, A. A. Taskin, K. Segawa and Y. Ando, Phys Rev B, 2010, 81, 195309. 
3. H. Tang, D. Liang, R. L. J. Qiu and X. P. A. Gao, Acs Nano, 2011, 5, 7510. 
4. Z. Ren, A. A. Taskin, S. Sasaki, K. Segawa and Y. Ando, Phys Rev B, 2010, 82, 241306. 
5. T. R. Mcguire and R. I. Potter, Ieee T Magn, 1975, 11, 1018-1038. 

 


