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Fig. 1. (a) Schematic of a spin bias driven optically controlled silicene (germanene) transistor. In this figure, the left- and right-cir-

cularly polarized light illuminates simultaneously in the center of the device, and the gate dielectric layer and the back gate are be-

low the silicene (germanene) sheet. The red and blue cuboids in the left and right electrode regions show the chemical potentials

generated by the spin bias. (b) Energy band of germanene after the phase transition of the spin-down edge states under the joint ac-

tion of the left-circularly polarized optical field and electric field. (¢) Energy band diagram of germanene after the phase transition

of the spin-up edge states under the effect of right-circularly polarized light. The field parameters of panels (b) and (c) are consist-

ent with Fig. 2(j) and Fig. 4(f).
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Fig. 2. Spin dependent current I, as a function of the spin bias Vg when the left-circularly-polarized light parameter Ay and the
electric field induced staggered potential Ap are chosen as: (a) —0.002; (b) —0.004; (c) —0.006; (d) —0.008; (e) —0.01; (f) —0.02;
(g) —0.04; (h) —0.06; (i) —0.08; (j) —0.1 eV. The solid red and blue lines in the figures represent the spin-up and spin-down currents

transported through the upper edge states, the dashed lines indicate the spin dependent currents using the lower edge states trans-

port.
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ate the energy bands formed by spin-down and spin-up electrons, respectively.
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Fig. 4. Variation of spin-dependent current I, with spin bias V5 when applying the same intensity of right-hand circularly polar-
ized optical and electric fields to the germanene transistor as in Fig. 2: (a) Ao = Ag <0.01; (b) Ao =Ag =0.02; (¢) Ap =
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ent the spin-up and spin-down currents transported through the upper edge states. The red and blue dashed lines indicate the spin-

up and spin-down currents using the lower edge states transport.
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Fig. 5. Drain current of germanene transistor in the OFF state I, versus the spin bias Vg when the left and right circularly polar-
ized light fields of (a) [Ap|=0.02, (b) |Ap|=0.04. (c) |[Ap|=0.06.(d) [Ap|=0.08.(e) |Ap|=0.1 are applied simultan-

eously to the germanene transistor. The solid (dash) red and blue lines in the figures represent the spin-up and spin-down currents

transported through the upper (lower) edge states.
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K. B A OGS TAE RS @ D i+
H HEEE IR A AR S A a5 5 1 B e Ak 4 $h
YR, ARIBE I SRS AR AR Ry HLA A S AL 4% 7 1)
P FPERGAS. it A Béw R, AER T RS
FICTE e U A S B RS 2 X 88K, [T E ]
TS (AT E R AR A X . I
T f He B, A 22 A sUAR T A H 1T DR A 208
P 1 DX B, E2 BT g A A2 A X 3 B A DT,
MR TN E . TEA8 I, 7RSS A
TR AR A i R LA R [EIAE AT DL ARG A
FESFEH RN, HIEE 5 PHE R HB%EAN
VERC S B FF T RE5 1 2 rhoi 3 7 AL Ay B S B 56
A e R A A XA SN, Sk
n R A H, A Al R 1 T 2 RN 0.01 Vi
% (K 20)) #RFN T 0.1 VL (8 5(e)). 4505
ARAE T LA G- b AR AR AR5 (R 52 ], ] DR B =5 1Y)
T PR 350 AR

4 % b

ARSCHISHTIE T AN [ 5 JBE 1) B8 i iR D' 3 R
TR R I RV O (VA 1R S At L R A
EYEA i AR EREUIDIR GE LN VS STRIIE - WIRN
AR LA I e 1 T AEE AR B AT Y. X R
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Abstract

The transistor is the core unit of digital integrated circuits, and its performance and integration are the
main determinants of chip performance. With the continuous progress of nano-manufacturing technology and
process, high power and heat consumption have become a major problem restricting the development of
integrated circuits. Using topological insulators instead of traditional semiconductors, and the spin and valley
degrees of freedom instead of charge as information carriers, to design and fabricate transistors, and the use of
optical interconnections to replace metal interconnections between functional units, are effective solutions of the
thermal power consumption problem of nano-integrated circuits. Based on the two-dimensional topological
insulators-silicene and germanene, we theoretically propose a kind of optically controlled transistor suitable for
spin bias. The effects of off-resonant circularly polarized light on the output currents of silicene and germanene
transistors are calculated by using the non-equilibrium Green's function method. It is shown that the topological
properties of silicene (germanene) and the output characteristics of drain current are controlled by the chirality
and intensity of incident light. Under the coaction of weak left circularly polarized light and spin bias, the
silicene transistors output pure spin current and fully polarized spin-up current. Under the action of strong field,
the phase transition of the edge state of the silicene forms a band gap, the transistor is cut off, and the output
current is almost zero. Different from the silicene transistor, the germanene transistor can obtain stable pure
spin current under a weak light field, and output 100% polarized spin-down current under a strong field. By
simultaneously applying off-resonant circularly polarized light of different chirality to the central device region,
the germanene transistor can be turned off effectively by using the edge state phase transition induced by the
polarized light field and the energy band mismatch caused by the local light field. The output poles of spin-
dependent currents are almost equal for silicene and germanene transistors in the ON state, however, the
breakdown voltage of the germanene transistor is significantly higher than that of the silicene transistor, and

optically controlled germanene transistor can maintain effective operation at higher temperatures.
Keywords: optically controlled transistor, off-resonance circularly polarized light, topological insulator
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