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Topological insulators (TIs) are promising materials for spintronics applications owing to their spin-
polarized metallic electronic states that prohibit the 180° backscattering. This peculiar spin-polarized states 
also shows the possibility to control the direction of spin current by switching the TI from p-type to n-type 
or vice versa. In order to make this switching, one need to tune the Fermi level. This means that developing 
an easy way to dope charge into TIs is highly recommended to fabricate highly functional spintronics devices 
such as topological p-n junctions. In addition, this doping will make the bulk, which is metallic in most TIs 
due to the presence of defect, insulating, that is another key to make TIs possible for spintronics device 
materials. Doping of TIs has been studied, for example, by doping Ca in bulk Bi2Se3 and making Bi2-dCadSe3 
[1] or adsorbing O2 molecules on Bi2Se3 [2], but these doping methods have problems in terms of stability. 

Photo-induced doping is a process of holding the bulk of Bi2Se3 and Bi2Te3 insulating by H2O exposure 
followed by VUV and/or SX light irradiation [3]. This method has the possibility of creating devices such 
as topological p-n junctions by using kind of photomasks like in photolithography. However, Bi2Se3 and 
Bi2Te3 have no chance to be bulk insulating p-type TI, because the Dirac point is located below the bulk 
valence band [4]. In contrast to these TIs, TlBiSe2 has its Dirac point at almost the center of its wide bulk 
band gap (ca. 300 meV), and thus is one of the most suitable TIs for device applications [4]. Based on these, 
we tried to do photo-induced doping on TlBiSe2 in our former study. As a result, we succeeded to dope hole 
into TlBiSe2 by photo irradiation, and making both n-type and p-type TlBiSe2.  

In the present study, we performed photon energy-dependent ARPES measurements, at BL-9A of HiSOR, 
in order to investigate the origin of photo-induced doping on TlBiSe2. In case of Bi2Se3 and Bi2Te3, the hole-
doping were reported to originate by exciting the core-level of the outermost atom, i.e., Se or Te [3]. The 
surface structure of TlBiSe2 is different from Bi2Se3 and Bi2Te3, and thus the doping might occur with a 
different process. As shown in Fig. 1(a), the surface of TlBiSe2 is half covered by Tl islands [5]. TlBiSe2 was 
cleaved under a UHV condition, exposed to H2O, and then irradiated with synchrotron radiation light of 10, 
20, and 35 eV. As can be seen in Fig. 1(b), 35 eV photon energy allows to excite the Bi core-level, and 20 
eV photon energy to excite the Tl core-level. Figures 2(b) and (c) show the results of ARPES measurements 
after H2O exposure followed by photo-irradiation at 20 eV and 35 eV, respectively. Compared with the clean 
TlBiSe2 surface (Fig. 2(a)), the binding energy of the Dirac point (indicated by red line) is shifted to the low 
binding energy in both cases. However, this shift is smaller than that of the TlBiSe2 surface irradiated at 100 
eV(Fig. 2(d)) with the same amount of H2O exposure. The small shift would originate from the removal of 
residual gas adsorption, which causes the aging effect, by photo-irradiation [3]. In the present talk, we will 
explain the mechanism of photo-induced hole doping on TlBiSe2 in more details. 



 
FIGURE 1. (a) Schematic diagram of the surfaces of two different Tis, TlBiSe2 and Bi2Se3. (b) Schematic diagram of the 

relation between the binding energies of Tl5d, Bi5d, and Se3d and the photon energies used in the present study. 
 
 

 
 

FIGURE 2. Valence bands of (a) a pristine TlBiSe2 (hn=20 eV), and 5 ML of H2O exposure followed by (b) hn= 20 eV, (c) 
35 eV, and (d) 100 eV photo-irradiation. (d) has been obtained at the BL13 VLS station of Saga Light Source. Red lines indicate 
the position of Dirac point. 
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