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Switching of K-Q intervalley trions
fine structure in n-doped
monolayer WS,
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The anomalous spin and valley configurations at the con-
duction band edges in monolayer WS, give rise to even
more fascinating valley many-body complexes. The cou-
pling of charges, spins, energy valleys, and many-body
complex quasiparticles offers opportunities to manipu-
late quantum information by an optical method.

The research group of Prof. Han Zhang and Qihua
Xiong from Shenzhen University and Tsinghua Universi-
ty found that the indirect Q valley in the first Brillouin
zone of monolayer WS, plays a critical role in the forma-
tion of a new excitonic state. By employing a high-quali-
ty h-BN encapsulated WS, field-effect transistor, it is able
to switch the electron concentration within K-Q valleys at
conduction band edges. Consequently, a distinct emis-

sion feature could be excited at the high electron doping
region. This feature is competitive with the traditional K-
valley trions and obeys the Boltzmann distribution law.
Further studies have proved that this feature is from the
luminescence of the indirect Q-valley trions. Such a fea-
ture differs from the previously reported trion-exciton
complex (XX), which only appeared at the very low dop-
ing region of the sample, although they have very close
energies. It is found that the actual doping level of the
sample has a significant impact on the power-law re-
sponse of this emission feature. With increasing Fermi
level, the scattering of electrons to the Q valley becomes
more efficient facilitating the formation of such a charged
state. Consequently, it is able to tune its power-law re-
sponse from linear (a~0.95) to superlinear (o~1.42), and
radiative lifetime 7z, from 880 ps to 250 ps efficiently by
gate modulation.
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