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Abstract 

The three dimensional strong topological insulator (STI) is a new phase of electronic matter which is 
distinct from ordinary insulators in that it supports on its surface a conducting two-dimensional surface 
state whose existence is guaranteed by topology. I will discuss experiments on the STI material Bi2Se3, 
which has a bulk bandgap of 300 meV, much greater than room temperature, and a single topological 
surface state with a massless Dirac dispersion. We study the evolution of doping in films of Bi2Se3 grown 
by molecular beam epitxay (MBE), using in situ transport measurements to probe the carrier 
concentration and mobility during film growth in UHV on SrTiO3 substrates[1,2]. We find that Bi2Se3 is n-
doped before exposure to atmosphere, doping is largely interfacial in origin, and largely independent of 
growth temperature. Mobility however can be optimized with growth temperature through increased 
structural quality of the films. We employ molecular surface charge transfer doping using F4-TCNQ or 
MoO3 to move the Fermi energy into the bulk bandgap to access the topological regime, and we 
demonstrate that air-stable doping can be achieved[3,4]. Field effect transistors consisting of thin (3-20 
nm) Bi2Se3 reveal the ambipolar gapless nature of transport in the Bi2Se3 surface states, and are used to 
study the minimum conductivity[4], the intrinsic electron-phonon resistivity[5], the thickness-dependent 
weak anti-localization behavior[6], and the thermopower[7] of the topological surface state. 
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