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All-Optically Controlled Topological Transistor Based on X enes
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We theoretically propose an X ene (X = Si, Ge, or Sn) transistor that can be operated with high and
low threshold light parameters. The results reveal that a spin-dependent nonconductive path in the X ene
superlattice can be formed by utilizing an off-resonant light-induced topological phase transition and the
band mismatch between illuminated and unilluminated regions. This topological transistor can be switched
between an on state with a 100% spin-polarized weak current, an on state with a nonpolarized strong
current, and an off state with a controllable breakdown voltage, just by adjusting the polarization state
of circularly polarized light. With the assistance of an electric field, the X ene transistor can be operated
at low light parameters, the threshold parameter of the transistor can be reduced to much lower than
the spin-orbit coupling strength, and the breakdown voltage can be larger than the bulk band gap of the
unilluminated X ene. All the results indicate that the proposed X ene nanosystems are promising candidates
for topological electronic devices.
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I. INTRODUCTION

Since the successful fabrication of graphene [1], two-
dimensional materials have been evolving at a rapid pace
and are considered ideal candidates for next-generation
electronics and optoelectronics [2,3]. Following success
with single layers of carbon atoms, the corresponding
monolayers of other group-IVA atoms (from Si to Pb)
have been proposed in theory [4–10] and successfully
synthesized in experiments [11–18]. All the group-IVA
monolayer materials have a similar hexagonal lattice struc-
ture along the [001] direction, and hence possess a high
electron mobility and thermal conductivity. In contrast to
graphene, the monolayers from silicene to plumbene con-
sist of heavier atoms, such that the spin-orbit coupling is
large enough to open a fully insulating bulk band gap at the
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Dirac points and lead to time-reversal-symmetry-protected
metallic states at edges [19]. These edge states are unique
in that the spin and momentum are locked and that back-
ward scattering is forbidden in the absence of magnetic
impurities [20,21]. For pristine silicene, germanene, and
stanene, helical edge states are found at the � point in the
Brillouin zone [22], while for plumbene other local topo-
logical states are formed at the k/k′ point with the pz orbital
[23]. Therefore, among the group-IVA monolayer materi-
als, the pristine X enes (X = Si, Ge, or Sn) show features
of a topological insulator.

The hybridization of Si, Ge, or Sn atoms in the pro-
cess of forming a monolayer favors sp2 and sp3 mixed
bonding [4,7], and consequently the buckled X enes are
more stable than the planar ones. The buckled structure,
with a layer separation between the two sublattices, allows
one to change the effective mass of the charge carriers
and tune the band gap by applying an electric field in the
perpendicular direction [24–27]. Based on the above prop-
erties, electric-field-controlled topological transistors have
received significant attention [28–35].

In transistors [36], the on-off switches that make
computing digital are the core of integrated circuits and
the basis of various electronic devices. In most mainstream
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logic and memory chips, billions of transistors are inter-
connected through copper wires on the wafer that are sev-
eral nanometers wide. An enormous amount of heat, which
not only causes significant energy consumption but also
limits the integration density and processing speed of the
chip, is generated as billions of transistors switch and shut-
tle data [37,38]. How to solve the overheating problem is
an essential topic for both current and future electronics. A
topological-insulator transistor is robust against impurities
and randomness because of topological protection [20,21].
Using topological transistors to replace ordinary transistors
would effectively limit electron collisions and self-heating.
In addition, because the interaction between photons is
extremely weak, photons can transmit information for a
long time while maintaining low signal degradation and
low power dissipation. Using photons as signal carriers and
replacing metal interconnects with optical interconnects
can further reduce heat generation in nanoscale integrated
circuits [39].

Compared with field-effect transistors manipulated by
an electric field, optically controlled transistors perform
the function of an output-current modulator with the elec-
tric field inputs replaced with light-field inputs or with
extra light-field inputs added. In recent years, photoin-
duced transistors have been investigated both theoretically
and experimentally based on various two-dimensional
nanostructures, such as graphene, molybdenum disulfide,
and black phosphorus [40–44]. In this paper, we propose
a topological transistor consisting of an X ene nanoribbon
in the presence of circularly polarized light. As shown in
Fig. 1, the center area of the device is divided into two
parts, and a pair of circularly polarized light beams irradi-
ate the sheet. Some areas of the nanoribbon are periodically
covered with an opaque material, thus forming a periodic
superlattice structure illuminated and not illuminated by
light. In the following, we discuss how to convert optical
signals into different forms of electrical signals in X enes
by adjusting only the light parameters.

FIG. 1. (a) Schematic representation of X ene transistor
decomposed into source electrode, central device, and drain
electrode. Four areas of the central nanoribbon are covered peri-
odically by areas of a nontransparent material with length Nx = 5
and width Ny = 20; the central device region is divided into two
parts, and a pair of circularly polarized light beams irradiate it.
LCP, left-circularly-polarized; RCP, right-circularly-polarized.

II. MODEL AND METHODS

The tight-binding Hamiltonian for electrons in the
source (HS), drain (HD), and unilluminated central (H Dark

C )
X ene regions can be expressed as [45–49]

H Dark
C = HS = HD = −tX

∑
〈ij 〉,σ

(a†
iσ bj σ + H.c.)

+ i
λX

SO

3
√

3

∑
〈〈ij 〉〉,σ

(σνij a†
iσ aj σ + σνij b†

iσ bj σ + H.c.),

(1)

where a†
iσ (bj σ ) creates (annihilates) an electron with spin

σ at lattice site i (j ) on sublattice A (B). The spin index
σ = +1 (σ = −1) denotes spin-up (spin-down) electrons.
The index 〈ij 〉 (〈〈ij 〉〉) means that the summation is over
all nearest-neighbor (next-nearest-neighbor) sites, and tX
(X = Si, Ge, Sn) represents the nearest-neighbor hop-
ping energy between different sublattices. The second
term in Eq. (1) describes the effective spin-orbit cou-
pling, with strength λX

SO . In the two-dimensional case, the
site-dependent Haldane phase factor [50] νij becomes a
sign function, and νij = +1 (νij = −1) if the next-nearest-
neighbor hopping is counterclockwise (clockwise) around
a hexagonal lattice [51]. Compared with the effective spin-
orbit coupling, the intrinsic Rashba spin-orbit coupling
associated with the next-nearest-neighbor hopping is a
small constant. Thus, the influence of intrinsic Rashba
spin-orbit coupling is ignored in the numerical calculation.

The central device regions, exposed to off-resonant cir-
cularly polarized light and electric fields, can be described
by the following Hamiltonian [52]:

H Light
C = i

λ�

3
√

3

∑
〈〈ij 〉〉,σ

(νij a†
iσ aj σ + νij b†

iσ bj σ + H.c.)

− λE

∑
i,σ

(a†
iσ aiσ − b†

iσ biσ ). (2)

The first term in Eq. (2) represents the Haldane interaction
induced by the photoirradiation [53,54], where the light
parameter λ� is equal to 9t2X �2/4��. The light intensity
is characterized by � = eaA/h, where e is the electron
charge and a is the lattice constant. The corresponding
electromagnetic potential at time τ is given by A(τ ) =
(A sin �τ , A cos �τ), where the frequency of the light � is
less than 0 (greater than 0) for left (right) circulation. In the
simulation calculation, back gates are assumed to be added
to the light-irradiated regions, and λE in the second term
of Eq. (2) is the staggered sublattice potential induced by
the electric field. If the two sublattice planes of the buck-
led structure are separated by a distance 	 and a z-direction
electric field Ez(x, y) is applied, the staggered sublattice
potential between the atoms at the A and B sites is given
by λE = 	Ez(x, y).
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The spin-dependent current flowing through the drain
electrode can be expressed in Landauer-formula form as
[55,56]

IDσ = e
h

∫
TSDσ [fS(ε) − fD(ε)] dε (Vbias > 0),

= e
h

∫
TDSσ [fS(ε) − fD(ε)] dε (Vbias < 0), (3)

where TSDσ = Tr[�Sσ Gr
σ�Dσ Ga

σ ] (TDSσ = Tr[�Dσ Gr
σ�Sσ

Ga
σ ]) is the spin-dependent transmission coefficient

of electrons from the source (drain) to the drain
(source) electrode, with the linewidth function �S(D)σ =
i
(
�r

S(D)σ − �a
S(D)σ

)
. The retarded (advanced) self-energy

function of electrode α can be obtained from �r(a)
ασ =

HCαgr(a)
ασ HαC, in which the Hamiltonian matrix HαC

describes the coupling between electrode α and the central
device region. The surface Green’s function gr(a)

ασ can be
calculated by the transfer-matrix or the Green’s-function
method [57,58]. The Green’s function of the entire sys-
tem is given by Gr

σ (ε) = [εI − H0 − �r
Sσ − �r

Dσ ]−1 =
[Ga

σ (ε)]†, in which H0 is the Hamiltonian matrix of the
central region. fα(ε) = [e(ε−μα)/kBT + 1]−1 in Eq. (3) is the
Fermi function, where μα is the electrochemical poten-
tial of electrode α, kB is the Boltzmann constant, and T is
the equilibrium temperature of the system. In a numerical
calculation, the influence of temperature-induced thermal
fluctuations of the electrons on the electronic transport
can be studied by adjusting the value of T. When we
consider the effect of the bias voltage Vbias, the electro-
chemical potentials of the source and drain electrodes are
fixed at μS = −μD = eVbias/2, and Vbias > 0 and Vbias < 0
correspond to forward and reverse bias, respectively.

By transforming the creation and annihilation oper-
ators in Eqs. (1) and (2) to the Bloch representation
by means of the Bloch-Wannier transformation, ajyσ =
(1/

√
Ny)

∑
k∈BZ akσ e−ikjy and a†

jyσ = (1/
√

Ny)
∑

k∈BZ a†
kσ

eikjy , where jy is the position of the lattice site along
the y direction, the energy bands of the illuminated and
unilluminated regions can be derived.

III. RESULTS AND DISCUSSION

In the numerical results presented below, the nearest-
neighbor hopping energies tX and effective spin-orbit cou-
pling strengths λX

SO of the X enes are taken as tSi = 1.6 eV
and λSi

SO = 3.9 meV (silicene) [9], tGe = 1.3 eV and λGe
SO =

43 meV (germanene) [9], and tSn = 1.3 eV and λSn
SO = 100

meV (stanene) [10]. The length and width of the illumi-
nated (unilluminated) regions are fixed at Nx = 350 and
Ny = 40, respectively, and the number of opaque areas
is fixed at 8. The equilibrium temperature of the system
is set to 4.2 or 300 K. It should be pointed out that the
influence of temperature-induced thermal fluctuations of

the electrons on the electronic transport is considered in
the numerical calculation, but the influence of phonons is
neglected, because the ballistic transport length of edge
states can be of the order of micrometers [59]. An off-
resonant circularly polarized light field is considered in the
following simulations. For silicene, germanene, or stanene,
the off-resonance condition is satisfied when �� � tX , the
lowest frequency is determined by the bandwidth �� =
3tX ≈ 1015 Hz, and, for the intensity of light available in
this frequency regime, � is typically less than 1 [52,54].
Taking stanene as an example, when � = 0.5 and �� =
3tSn, the off-resonance condition is satisfied, and a light
parameter λ� ≈ 2λSn

SO = 0.2 eV can be achieved. With the
rapid development of nanoprocessing technology, dynamic
manipulation of the polarization, frequency, amplitude,
and phase of optical fields has been realized in various
subwavelength artificial nanostructures [60].

The central device region is divided into two parts (I and
II, as shown in Fig. 1). If we consider the different effects
of left-circularly-polarized (LCP) and right-circularly-
polarized (RCP) light, there are four light-receiving scenar-
ios, i.e., only LCP or RCP light irradiates the whole device
area [see Figs. 2(a) and 2(b)], no light irradiates the device
[see Fig. 2(c)], and parts I and II are exposed to LCP and
RCP light, respectively [see Fig. 2(d)].

The drain currents ID of the stanene transistor as a func-
tion of the bias voltage Vbias for the different illumination
cases are plotted in Fig. 2(e). It is clearly shown that the
stanene nanoribbon can act as a purely optically controlled
transistor, the conductive (on) state can be switched to the
nonconductive (off ) state, and the output current can be
modulated to show three different types of behavior by
only a light field, as follows. (1) Under illumination with
LCP (RCP) light [as illustrated in Figs. 2(a) and 2(b)] with
the light parameter satisfying λ� < −λSn

SO (λ� > λSn
SO), the

optical transistor can efficiently filter spin-up (spin-down)
electrons within a specific bias range around the Fermi
energy; the drain current is 100% spin-polarized [see the
red dashed line in Fig. 2(e)]. (2) When |λ�| < λSn

SO, or
in the absence of light (λ� = 0) [as illustrated in Fig.
2(c)], the drain current is non-spin-polarized (I↑ = I↓), and
increases linearly with the bias voltage Vbias [see the blue
dashed-dotted line in Fig. 2(e)]. The current intensity in the
bulk band gap is approximately twice the value in the case
in which only LCP or RCP light is applied. (3) When LCP
and RCP light with |λ�| > λSn

SO is applied to regions I and
II simultaneously [as illustrated in Fig. 2(d)], the output
current ID is zero within the bias window −|λ� − λSn

SO| <

Vbias < |λ� − λSn
SO| [see the black solid line in Fig. 2(e)],

and the transistor is turned off.
Figure 2(f) depicts the current-voltage characteristics of

the silicene and germanene transistors in the off state. It
can be seen from the figure that the breakdown voltage
is related to the light parameter and the spin-orbit cou-
pling strength. The breakdown voltage can be controlled
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FIG. 2. Illustration of (a) LCP light (λ� > 0), (b) RCP light
(λ� < 0), and (c) no light (λ� = 0) irradiating the entire device
region. (d) Illustration of LCP and RCP light irradiating parts I
and II, respectively, of the central device region. (e) Drain current
of a stanene transistor as a function of the bias voltage Vbias with
a light parameter |λ�| = 2λSn

SO. (f) Drain current of silicene and
germanene transistors in off state versus bias voltage Vbias with
parameters |λ�| = 2λSi

SO and |λ�| = 2λGe
SO. (g) On:off ratio of

stanene transistor versus number of opaque regions NDark at tem-
perature T = 4.2 K and bias voltage Vbias = 20 meV. (h) On:off
ratio of X ene transistor as a function of the bias voltage Vbias at
4.2 K. (i) On:off ratio versus Vbias at 300 K.

by the strength of the light parameter λ�, and reaches its
maximum value when |λ�| = 2λX

SO. Because the effective
spin-orbit couplings of stanene and germanene are much
larger than that of silicene, the breakdown voltages of
stanene- and germanene-based transistors can reach tens
of meV. Although the breakdown voltage of a silicene opti-
cally controlled transistor is only a few meV, it can exhibit
a switching effect with a relatively weak light field.

The effect of the number of opaque regions NDark on
the on:off ratio of the stanene transistor is depicted in
Fig. 2(g). It is clearly shown that the on:off current ratio
increases with the number of opaque regions. Because an
increase in the length of a periodic structure can enhance
the filtering effect for electrons, the off current nearly van-
ishes within the transmission window, and the on:off ratio
is raised by a factor of 109 when NDark is increased from 2
to 8. A larger ratio is expected if the the number of opaque
regions is increased further. Figures 2(h) and 2(i) show
the drain-current on:off ratios of silicene, germanene, and
stanene transistors at 4.2 and 300 K, respectively. It can
be seen from Fig. 2(h) that the optically controlled tran-
sistors can maintain a good off state at low temperature,

the on:off ratios of the germanene and stanene transis-
tors are obviously larger than that of the silicene transistor,
and the on:off ratio of the stanene transistor can reach
the order of 1012 under the condition of a 20-meV bias
voltage. However, there is a significant reduction in the
performance at room temperature [see Fig. 2(i)]. With an
increase in temperature, thermal fluctuations cause higher-
energy electrons to participate in transport, resulting in a
significant increase in the off -state leakage current and a
decrease in the on:off ratio.

To understand the transport properties of the optical
transistor, here we take stanene (λSn

SO = 0.1 eV) as an
example and compare the energy-band diagrams of the
unilluminated [see Fig. 3(a)] and illuminated [see Figs.
3(b)–3(d)] regions. As shown in Fig. 3(a), without an
external light field (λ� = 0), the edge states form spin-
degenerate Kramers doublets, the electron-transport direc-
tion is correlated with the spin, and the upper (lower) edge
supports a forward (backward) mover with spin up and a
backward (forward) mover with spin down. For Vbias > 0
(Vbias < 0), the spin-up (spin-down) electrons can tunnel
from the left (right) electrode to the right (left) one through
the upper edge state, while the spin-down (spin-up) elec-
trons can be transported through the lower edge state; the
quantum conductance of the edge modes is 2. Therefore,
as shown by the blue dashed-dotted line in Fig. 2(e), the

(a) (b) (c)

(f)(e)(d)

SO SO

SO

FIG. 3. (a)–(d) Energy-band diagrams of stanene with light
parameters (a) λ� = 0, (b) λ� = λSn

SO/2, (c) λ� = 2λSn
SO, and

(d) λ� = −2λSn
SO. (e),(f) Schematic illustration of edge states in

the real-space picture with (e) RCP (λ� > λSn
SO) and (f) LCP

(λ� < −λSn
SO) light. The solid and dashed (red and blue) lines

correspond to the upper and lower (spin-up and spin-down) edge
states, respectively.
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drain current ID increases linearly with an increase in bias
voltage Vbias with a slope of 2.

When a circularly polarized light field is applied and
the second-order photocorrelation is considered, accord-
ing to the Floquet theory the light does not directly excite
electrons, but instead modifies the electron band structures
through virtual photon-absorption processes. As shown
in Fig. 3(b), if the light parameter satisfies the condi-
tion −λSn

SO < λ� < λSn
SO, the X ene is a quantum spin-Hall

insulator, and the states at different edges are nonde-
generate with different electron group velocities, but the
spin-momentum locking and helical spin texture are still
unchanged. If |λ�| > λSn

SO, the X ene is transformed into
a photoinduced quantum Hall insulator, the edge states
transition from having a helical property to having an
anisotropic chiral property, and the states with opposite
spin propagate in only one direction at a given edge.
For λ� > +λSn

SO, the upper (lower) edge state supports
both spin-up and spin-down electrons moving in the back-
ward (forward) direction [see Fig. 3(c)]. For λ� < −λSn

SO,
however, the upper (lower) edge state supports forward
(backward) movers [see Fig. 3(d)].

The spin-selective transport of electrons is induced by
the edge-state mismatch between the illuminated [see Fig.
3(c)] and unilluminated [see Fig. 3(a)] regions. As illus-
trated in the real-space picture shown in Fig. 3(e), if the
light parameter satisfies the condition λ� > +λSn

SO, the
upper (lower) edge supports transport both of spin-up and
spin-down electrons along the −x (x) axis. However, in
the unilluminated region (λ� = 0), the upper edge sup-
ports spin-up (spin-down) electrons moving along the x
(−x) direction, and conversely for the lower edge. The
joint effect of the unilluminated regions and the regions
illuminated with LCP (RCP) light makes the edge states
support transport of only spin-up (spin-down) electrons
within a certain range of bias voltage. Therefore, in the
region of low bias, only one side of the edge is involved
in electron transport when Vbias > 0 or Vbias < 0, the val-
ues of the charge current under the conditions λ� = +2λSn

SO
and λ� = −2λSn

SO are the same, and the slope of the corre-
sponding I -V curve is equal to 1 [see the red dashed line in
Fig. 2(e)].

The state of the transistor switches from on to off when
LCP and RCP light is applied to regions I and II, respec-
tively. In this case, only spin-up electrons can tunnel
through region I [see Fig. 3(e)], but it is hard for them to
tunnel through region II [see Fig. 3(f)], and the conduc-
tive path in the X ene superlattice is blocked, leading to a
strong reduction of the current, as shown in Figs. 2(e) and
2(f). Taking into account the fact that the spin-filtering and
transistor action depends on the mismatch of the energy
bands, the superlattice structure formed by periodically
illuminated and unilluminated regions guarantees a bet-
ter off state of the transistor. In addition to the edge-state
phase transition, the light field can also affect the bulk band

gap of the X ene, and the bulk band gap in the presence
of the light field becomes 2|λSO − λ�|. Thus, the break-
down voltage of the transistor can be manipulated by the
strength of the light parameter and reaches a maximum
when |λ�| = 2λSO.

The metal-oxide-semiconductor field-effect transistor
(MOSFET) is a type of insulated-gate field-effect transistor
that is fabricated by controlled oxidation of a semicon-
ductor [61]. The voltage on the covered gate determines
the electrical conductivity of the device, and this ability
to change the conductivity with the size of the applied
voltage can be used for switching electrical signals. Since
MOSFETs can be made with either p-type or n-type
semiconductors, complementary pairs of MOSFETs are
widely used as switching elements in logic circuits, in
which an n-channel (p-channel) MOSFET acts as an open
switch with a low (high) threshold gate voltage [62].
Because the threshold light parameters of silicene, ger-
manene, and stanene transistors are different, when one
is designing logic circuits, silicene and germanene tran-
sistors that can be turned off with lower light parameters
can play a role similar to that of an n-channel depletion-
type MOSFET, while stanene transistors can play a role
similar to that of a p-channel depletion-type MOSFET.
Considering that the lattice constants and thermal expan-
sion coefficients of silicene, germanene, and stanene are
different, it is better to use the same kinds of mate-
rial to realize the functions of n-type and p-type MOS
transistors. Finally, we now discuss an effective way to
reduce the threshold light parameter of an X ene transis-
tor.

As shown in the schematic illustration in Fig. 4(a), back
gates are added to the light-irradiated regions. It can be
seen from Fig. 4(b), in which |λ�| = λE = 3λX

SO/4, that,
under the combined action of light and electric fields,
a transistor effect can be realized under weak-light-field
conditions (λ� < λX

SO). The on state of the spin-field tran-
sistor can be switched to the off state as long as |λ�| +
|λE| > λX

SO [red and blue regions in Fig. 4(c)], and the
breakdown voltage of the transistor can reach approxi-
mately 2[λX

SO − |λ�| − |λE|]. It is worth emphasizing that
the current cutoff mechanism of the transistor is completely
different under different conditions of the light field and
staggered potential. By selecting parameters from the red
region in Fig. 4(c), the X ene can be transformed into a pho-
toinduced spin-polarized quantum Hall insulator. When
λ� > 0 (λ� < 0), only spin-down (spin-up) edge states
exist in the band gap, and the off state of the transistor
takes advantage of the mismatch of the spin states. How-
ever, the X ene is transformed into a band insulator when
the parameters are selected from the blue region, and the
transistor utilizes mainly the band gap to block the current.
Moreover, for the same reason, the threshold voltage of
electrically controlled X ene transistors can be reduced by
a light field.

034027-5



JUN ZHENG et al. PHYS. REV. APPLIED 14, 034027 (2020)

O
n:

of
f r

at
io

O
n:

of
f r

at
io

Off

Off

On

(a)

(b) (c)

(d)
(e)

FIG. 4. (a) Schematic illustration of an optically and electri-
cally controlled X ene transistor in which back gates are added
to the illuminated regions. (b) Drain current of X ene transis-
tor in the off state as a function of the bias voltage Vbias with
|λ�| = |λE| = 3λX

SO/4. (c) On and off states of the transistor
for different values of the light parameter λ� and the staggered
potential λE . (d) On:off ratio of the X ene transistor as a function
of the bias voltage Vbias at 4.2 K. (e) On:off ratio versus Vbias
with |λ�| = |λE| = λX

SO at 300 K.

Figures 4(d) and 4(e) depict the on:off ratios of tran-
sistors jointly controlled by light and electric fields at 4.2
and 300 K. Compared with transistors controlled only by a
light field [see Figs. 2(h) and 2(i)], the on:off ratio of the
silicene, germanene, and stanene transistors is increased
obviously by the assistance of the electric field. In partic-
ular, as shown in Fig. 4(e), the off -state leakage of the
stanene transistor at the higher temperature is significantly
improved, so that it can maintain a relatively effective off
state at room temperature. Finally, we would like to dis-
cuss the dependence of the on:off ratio on the bias voltage.
Because the off state of the optically controlled transis-
tors studied in this paper is based on a mismatch of energy
bands in different regions, the transmission coefficient of
electrons can be adjusted to a very small value within the
edge-state region, but it is not equal to zero. The closer
the electronic energy is to zero, the higher the degree of
band mismatch. Therefore, the off -state leakage current
decreases, and the on:off ratio increases with a decrease
in the bias voltage.

IV. CONCLUSIONS

In conclusion, we study theoretically the electron trans-
port properties of X ene nanoribbons, in which the central
device region is subjected to left- and/or right-circularly-
polarized light. It is found that the transistors considered
can be switched between a conductive and a nonconduc-
tive state by tuning only the strength and polarization state
of the light field. The output current can be modulated to

show the following three different types of behavior. (1)
When LCP (RCP) light is applied with a light parameter
λ� > λX

SO (λ� < −λX
SO), the edge states of the illuminated

X ene are converted from having a helical property to hav-
ing an anisotropic chiral property, and the optical transistor
can efficiently filter the spin-down (spin-up) electrons due
to the edge-state mismatch between the illuminated and
unilluminated regions; the drain current is 100% spin-
polarized within a specific bias range. (2) When |λ�| <

λX
SO or in the absence of light (λ� = 0), the current is

non-spin-polarized, as a consequence of the helical edge
states, and the current intensity in the bulk band gap is
approximately twice the current intensity obtained in the
case where only LCP or RCP light is applied. (3) When
LCP and RCP light with |λ�| > λX

SO is applied simultane-
ously, the conductive path at the edge between regions I
and II is blocked, and the drain current vanishes within the
bias window −|λ� − λX

SO| < Vbias < |λ� − λX
SO|. In addi-

tion, we also find that hybrid modulation is an effective
way of decreasing the threshold light parameter (thresh-
old voltage) and increasing the breakdown voltage of an
optically (electrically) controlled X ene transistor. Under
the combined action of light and electric fields, the transis-
tor can be switched off as long as |λ�| + |λE| > λX

SO, and
the breakdown voltage of the transistor can reach approx-
imately 2[λX

SO − |λ�| − |λE|]. The application of a gate
voltage and an increase in the length of the periodic light-
receiving structure can effectively improve the on:off ratio
of the device.
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