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Graphenes presents an unprecedented opportunity for enabling new classes of electronic, optoelectronic, electromechanical devices and sensors as well as exciting possibilities as barrier layers.  In this talk we will review some of the properties of graphene, growth of graphene and emerging applications.  

Carbon-based electronics has been the subject of intense research efforts in the past ten years. Carbon nanotubes initially were the most promising form of carbon for electronics due to their excellent electrical, mechanical, and thermal properties. The electronic properties of nanotubes are so potentially transformative that carbon based electronics is one of the few materials systems to receive serious attention as a CMOS replacement.  However, bringing carbon out of the laboratory in the nanotube geometry has been difficult for a number of reasons.  Among them contacts tubular structures as well as controlling the chirality (the chirality of the nanotube relates directly to the presence or absence of a bandgap in nanotubes) of the nanotubes has been particularly challenging. 

Graphene, the two-dimensional counterpart of the carbon nanotube, offers new possibilities. Graphene is a single atomic layer of graphite and consists of sp2 bonded carbon atoms arranged in 2-dimensional honeycomb lattice. Extremely high carrier mobility1,2 and ballistic carrier transport1 in graphene makes it an attractive candidate for high frequency electronic devices, and high electrical conductivity and optical transparency enables development of transparent conducting electrode.3 Also, graphene’s high Young’s modulus and doping could be utilized to build efficient NEMS devices and sensors.4,5 Graphene has been demonstrated as impenetrable barrier which can separate gas and vacuum.  Mechanical exfoliation of graphite1 provides high quality material but the unpredictable drawing results and limited size prevent practical applications. Large area good quality graphene was demonstrated by chemical vapor deposition (CVD) on transition metals such as Ni or Cu,3,6 High quality graphene can also be directly formed on SiC surface as a result of Si evaporation at high temperature.7,8.  At Cornell we have been able to produce material (by sublimation) on the Si face of SiC with mobility as high as 1,400 cm2/Vsec.  We have also demonstrated direct CVD growth of graphene on C-face SiC and sapphire.  Recently, we demonstrated a technique for producing free-standing graphene on SiC using a photo-electrochemical (PEC) etch process and characterized the nanomechanical graphene resonators.   We will review these results in the context of the talk.
References:

1. K. S. Novoselov, A. K. Geim, S. V. Morozov, D. Jiang, Y. Zhang, S. V. Dubonos, I. V. Grigorieva, and A. A. Firsov, Science 306, 666 (2004).

2. K. I. Bolotin, K. J. Sikes, Z. Jiang, M. Klima, G. Fudenberg, J. Hone, P. Kim, and H. L. Stormer, Solid State Commun. 146, 351 (2008).

3. K. S. Kim, Y. Zhao, H. Jang, S. Y. Lee, J. M. Kim, K. S. Kim, J. Ahn, P. Kim, J. Choi, and B. H. Hong, Nature (London) 457, 706 (2009).

4. C. Lee, X. Wei, J. W. Kysar, and J. Hone, Science 321, 385 (2008).

5. F. Schedin, A. K. Geim, E. W. Hill, P. Blake, M. I. Katsnelson, and K. S. Novoselov, Nature Mater. 6, 652 (2007).

6. X. Li, W. Cai, J. An, S. Kim, J. Nah, D. Yang, R. Piner, A. Velamakanni, I. Jung, E. Tutuc, S. K. Banerjee, L. Colombo, and R. S. Ruoff, Science 324, 1312 (2009).

7. C. Berger, Z. M. Song, T. B. Li, X. B. Li, A. Y. Ogbazghi, R. Feng, Z. T. Dai, A. N. Marchenkov, E. H. Conrad, P. N. First, and W. A. de Heer, J. Phys. Chem. B 108, 19912 (2004).

8. K. V. Emtsev, A. Bostwick, K. Horn, J. Jobst, G. L. Kellogg, L. Ley, J. L. McChesney, T. Ohta, S. A. Reshanov, J. Röhrl, E. Rotenberg, A. K. Schmid, D. Waldmann, H. B. Weber, and T. Seyller, Nature Mater. 8, 203 (2009).

9. Shivaraman, S.; Barton, R.A.; Yu, X.; Alden, J.; Herman, L.; Chandrashekhar, M.V.S.;  Park, J.; McEuen, P.L.; Parpia, J.M.; Craighead, H.G.; Spencer, M.G. Nano Letters 2009, 9(9), 3105.

