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Two coupled resonance modes can lead to exotic transmis-
sion spectra due to internal interference processes. Examples
include electromagnetically induced transparency (EIT) in
atoms and mode splitting in optics. The ability to control
individual modes plays a crucial role in controlling such
transmission spectra for practical applications. Here we
experimentally demonstrate a controllable EIT-like mode
splitting in a single microcavity using a double-port excita-
tion. The mode splitting caused by internal coupling between
two counter-propagating resonances can be effectively con-
trolled by varying the power of the two inputs, as well as their
relative phase. Moreover, the presence of asymmetric scatte-
ring in the microcavity leads to chiral behaviors in the mode
splitting in the two propagating directions, manifesting itself
in terms of a Fano-like resonance mode. These results may
offer a compact platform for a tunable device in all-optical
information processing. © 2023 Optica Publishing Group

https://doi.org/10.1364/OL.482912

Electromagnetically induced transparency (EIT), first discov-
ered in atomic physics, is a consequence of destructive interfer-
ence between two quantum transitions in a multilevel atom [1]. It
allows a narrow transparent window inside an opaque absorption
dip, altering the transmission spectrum. Meanwhile, the corre-
sponding phase spectrum has also been modified accordingly.
These features enable many applications such as slowing light
[2,3], light storage [4,5], and all-optical switching [6]. However,
due to the rigid experimental conditions—such as vacuum and
cryogenic conditions—to realize EITs in the atoms, it is diffi-
cult to implement EITs for practical applications. Alternatively,
EIT-like spectra have also been realized in a high-Q whispering
gallery mode resonator (WGMR) [7] platform, where EIT-like
spectra can be obtained from the coherent interference between
two individual whispering gallery mode (WGM) resonances
from two coupled resonators [8–12]. But it is a demanding
task that requires either fine fabrication or thermal control to
ensure the two resonances coincide with each other. On the other
hand, EIT-like spectra have also been demonstrated in a single
WGMR through two nonlinear coupled resonances in the fre-
quency domain, e.g., via four-wave mixing [13] and stimulated

Brillouin scattering [14,15]. However, strong nonlinearity and
strict nonlinear phase-matching conditions are still required. So
far, it remains a challenge to realize EIT in a single microcavity,
preferably in a linear fashion.

It is well known that two counter-propagating modes in a
WGMR can couple with each other, leading to a double reso-
nance spectrum known as mode splitting [16,17]. This coupling
mechanism can serve as an ideal platform for the realization of
EIT-like spectra in a single microcavity. In this Letter, we exper-
imentally demonstrate controllable EIT-like mode splitting in
a single LiNbO3 microdisk cavity in the linear regime. Such
mode splitting can be effectively controlled under a double-port
excitation scheme, where the two inputs from opposite direc-
tions can linearly interfere and couple to each other inside the
microcavity due to internal scattering. As a result, the EIT trans-
mission spectra can be actively tunable by varying the power of
the two inputs, as well as their relative phase. Moreover, the
presence of an asymmetric scattering process in the current
microcavity leads to chiral behaviors in the mode splitting in
the two propagating directions, manifesting itself in terms of a
Fano-like resonance mode. These results enable a coherent and
tunable method to control the transmission through our compact
photonic devices, paving the way for practical applications in
all-optical information processing and sensitive optical sensors.

The mode splitting can be realized in a single microcav-
ity. To encourage coherent control of two counter-propagating
modes, two input lasers have to be launched from opposite
directions. Figure 1 shows the experimental schematics: the
continuous-wave signals from a tunable laser source (TLS)
are equally divided into clockwise (CW) and counterclockwise
(CCW) directions by a fiber coupler. Two variable optical atten-
uators (VOAs) and polarization controllers (PCs) control the
power (0∼Max) and polarization of the two branches, respec-
tively. Two identical fiber couplers are inserted into the two
branches for power monitoring. The CW and/or CCW signals
are guided into a tapered fiber and evanescently tunnel into
the neighboring microdisk resonator through this tapered fiber.
The microdisk resonator is fabricated on a commercial lithium
niobate-on-insulator (LNOI) wafer with a 300-nm thick x-cut
lithium niobate layer and a diameter of 80 µm [details of fabrica-
tion are discussed elsewhere in Ref. 18]. The measured Q-factor
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Fig. 1. Experimental setup of EIT-like mode splitting in a single
microcavity. (a) Schematic illustration of bidirectional coupling-
induced controllable EIT-like mode splitting model; inset is a
micrograph of x-cut LiNbO3 WGMR. (b) Schematic representa-
tion of the optical path: TLS, tunable laser source; VOA, variable
optical attenuator; PC, polarization controller; PD, photodetector.

Fig. 2. Mode splitting in a single-port transmission. (a) Splitting
transmission depends on the external coupling loss rate γc; all data
normalized to [0, 1] to intuitively display the dynamic evolution
of the splitting spectrum with respect to γc. (b) Branch CW trans-
mission (upper) and reflection (lower) spectra of three coupling
states corresponding to under-, critical-, and over-coupling; dot-
ted lines are theoretical data; (g1, g2) are (0.476 GHz, 0.435 GHz),
(0.39 GHz, 0.35 GHz), and (0.32 GHz, 0.30 GHz), respectively.

is around 106 for the input 1550-nm laser. The resonator is placed
on the precision 3D piezoelectric stage with 20-nm resolution to
adjust the coupling gap between the resonator and tapered fiber.

Figure 2 shows the single-port transmission spectra through
our microcavity. Evidently, the EIT-like mode splitting is clearly
visible in Fig. 2(b). The surface imperfections and scatterers on
the edge of the microcavity naturally give rise to the internal cou-
pling between the counter-propagating CW and CCW modes,
causing a doublet in the form of two resonant dips to appear in

the transmission spectrum [Fig. 2(b)(I)]. As shown in Fig. 2(a),
the observed doublet dips gradually approach each other when
reducing the coupling gap, and finally emerge into one sin-
gle resonance dip in the critical-coupling regime. This occurs
because the extra perturbation in the critical- and over-coupling
regime brings in additional coupling loss, which finally makes
the resonance linewidth broader than the mode splitting. The
feature allows us to control the splitting transmission spectrum
of the resonator by adjusting the coupling gap. Note that as more
laser power is coupled into the cavity, this results in the redshift
of the resonant frequency. Figure 2(b) shows transmission and
reflection spectra of the three coupling states labeled in (a), cor-
responding to under-, critical-, and over-coupling of the perfect
WGM cavity.

Theoretically, when considering double-port excitation, the
varying field amplitude of CW and CCW modes can be
described by the temporal coupled-mode theory [19]:

dacw

dt
= (i∆ω − ig1 − γ)acw + ig2accw + σain

cw (1)

daccw

dt
= (i∆ω − ig2 − γ)accw + ig1acw + σain

ccw, (2)

where a and ain are the amplitude of CW and CCW modes of the
resonator and the input field, respectively.∆ω is detuning with
respect to resonance angular frequency.γ = γ0 + γc, where γ0 is
intrinsic loss rate and γc is external coupling loss rate of the
resonator.σ =

√︁
2γc/τ is the coupling rate of the input wave to

modes of the resonator, where τ denotes the time for one round
trip. g is the backscattering coupling coefficient. Under the static
assumption, the coupling of the resonator modes to the tapered
fiber gives rise to two transmitted fields:

Tcw = [(ain
cw − στacw)/ain

cw]
2, Tccw = [(ain

ccw − στaccw)/ain
cw]

2. (3)

Obviously, Eqs. (1)–(3) indicate that such transmission spec-
tra highly depend on the input signal ratio between the opposite
input direction. Under double-port excitation, as shown in Fig. 1,
two input beams can be launched simultaneously from both ports
into the microcavity. In this manner, we can utilize the signal in
one direction to control the transmission spectrum in the other.
Initially, the single-port transmission spectrum is obtained as
the Lorentz line shape with ∼45-nW laser input along the CW
direction in the critical-coupling regime [left panel of Fig. 3(a)].
Gradually increasing the power of the CCW branch to 16.6 nW,
the coupling between CW and CCW modes lifts their degen-
eracy and appears as double dips in the transmission spectrum
in Fig. 3(a). This EIT-like transmission clearly demonstrates the
nature of the interference and fits well with the theoretical results
from Eq. (3).

In this manner, we can artificially induce mode splitting by
simultaneously inputting two beams of in-phase (we shall dis-
cuss it in the later section) laser with opposite directions in a
non-splitting WGM resonator. By further increasing the input
power of the CCW branch, the field intensity of the CCW mode
in the cavity can be further enhanced. The resulting transmission
spectra are shown in Fig. 3(a) and splitting spike intensity ver-
sus the input power ratio, i.e., η = Pccw/Pcw shown in Fig. 3(b).
This rising spike in the EIT-like spectra indicates the clear
interference between the CW and CCW modes, enabling active
switching dynamics of EIT through simple double input control.

More interestingly, we experimentally observe the strong
asymmetric backscattering of WGM which depends on the
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Fig. 3. Controllable EIT-like transmission when varying the
CW/CCW input power ratio. (a) CW transmission spectra at dif-
ferent powers of CCW input; the blue dotted lines are theoretically
fitted by Eq. (3), the CCW input power increases from left to right.
(b) Dependence of the spike intensity of CW direction on power
ratio η; the solid line is fitted by Eq. (3).

Fig. 4. (a) and (b) Schematic representations of two configura-
tions of a single-input port structure which consists of one coupling
fiber and one micro-resonator. (c) and (d) Transmission and reflec-
tion spectra belonging to the two configurations. A special mode
with a wavelength of 1540.38 nm is chosen for demonstrating chiral
backscattering; a scanning laser signal with a power of 53.62 nW is
fed into two ports of the tapered fiber and the consequent reflection
spectra, with a difference of 2.65 times (normalized), are obtained
in (c) and (d).

incident direction of the laser signal, namely chiral reflec-
tion [20,21]. Figure 4 schematically shows two scenarios of
single-port transmission and reflection spectra through the same
microcavity from two opposite directions, while the two trans-
mission spectra [Figs. 4(c) and (d)] remain similar to each other
due to the reciprocity. However, their reflection spectra differ by
more than two times, reflecting the chiral behavior in the current
microcavity, i.e., g1 ≠ g2 in Eq. (1). Fundamentally, such asym-
metric backscattering in the CW and CCW direction is caused by
the broken azimuthal symmetry, e.g., different sizes of the two
scatters on the microcavity’s rim [22], as shown in Figs. 4(a) and
4(c). These scatters may originate during the fabrication process
or afterward, and their relative positions on the microcavity play
a crucial role in determining the asymmetric reflections [20,22].
As a result, such intrinsic chiral reflection can intuitively lead

Fig. 5. Coherent control of EIT-like mode splitting when both
the power of CW and CCW are fixed at 45 nW. Upper panels (a)
are CW transmission spectra, and the lower panels (b) are CCW
transmission spectra. Dotted lines are calculated by Eq. (3). The
phase differences ∆θ are labeled in the subgraphs.

to the asymmetric mode splitting in two directions when the
double-port excitation is implemented.

Under the double-port excitation scheme, the relative phase
between CW and CCW input signals plays a critical role in
artificially induced mode splitting. We define ain

ccw =
√
ηain

cwe−i∆θ ,
where ∆θ is the phase difference between CW and CCW laser
light. To demonstrate the coherent control of two-port EIT-like
mode splitting, we simultaneously launch two beams with equal
power from both ports into the microcavity and heat the CCW
arm’s fiber with a thermoelectric cooler (TEC) to change its
refractive index and thus control the relative phase [23].

Figure 5 illustrates the synchronous evolution of CW (upper)
and CCW (lower) transmission spectra, depending on their
phase difference within 0 ∼ 2π. At∆θ = 0, the CW transmission
remains an EIT-like spectrum, while its counterpart in the CCW
direction is slightly distorted into a Fano-like resonance [13].
This reflects the fact the asymmetric coupling induces an extra
phase delay. When varying this phase difference between the
CW/CCW inputs, we do observe the spectrum change in both
CW and CCW directions in Fig. 5, some of them being highly
asymmetric in the spectrum, ranging from a typical EIT-like,
Lorentz line shape with linewidth narrowing 75 MHz of Tccw at
∆θ = 1.75π, and even a double Fano resonance of Tcw at∆θ = π.
All of these features can be caught with our theoretical model
in Eq. (3) by introducing the phase difference between the two
inputs. This opens the door for coherent controlling of EIT in
all-optical information processing.

In conclusion, we experimentally demonstrate a controllable
EIT-like mode splitting in a single microcavity using a double-
port excitation. The mode splitting is sensitive to both the power
of the two inputs and their relative phase. In this manner, the sig-
nal from one port can efficiently control the transmission of the
signal from the other in a linear fashion, effectively constructing
an all-optical-modulation scheme, which is crucial for all-optical
computing and all-optical information applications. On the other
hand, such mode splitting is also phase-sensitive, dramatically
altering their transmission spectra. In the future, we may imple-
ment such a device as a sensitive phase detector to sense two
inputs’ small relative phase jumps, which may be caused exter-
nally through temperature, stress, or other means. In summary,
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our results may pave the way for on-chip all-optical control,
sensitive sensing, and precision measurement in a low-cost and
compact form.
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