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We present a scheme of reversible waveform conversion between microwave and optical fields in the hybrid opto-
electromechanical system. As an intermediate interface, nanomechanical resonator optomechanically couples both op-
tomechanical cavities in the optical and microwave frequency domains. We find the double-optomechanically induced
transparency and achieve coherent signal waveform bi-directional transfer between microwave and optical fields based on
quantum interference. In addition, we give an analytical expression of one-to-one correspondence between the microwave
field and the optical output field, which intuitively shows the reversible waveform conversion relationship. In particular,
by numerical simulations and approximate expression, we demonstrate the conversion effects of the three waveforms and
discuss the bi-directional conversion efficiency and the bandwidth. such a hybrid opto- and electro-mechanical device has
significant potential functions for electro-optic modulation and waveform conversion of quantum microwave-optical field
in optical communications and further quantum networks.

Keywords: opto-electromechanical systems, photoelectric conversion, cavity quantum electrodynamics, opto-
electromechanically induced transparency
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1. Introduction
The efficient conversion of signals between the mi-

crowave at several gigahertz and the optical domain at hun-
dreds of terahertz is a key technology in modern communi-
cation networks, especially in the connection between classi-
cal and quantum communication networks.[1–7] Over the past
few decades, the information is processed electronically at
microwave frequencies of several gigahertz.[2] Lots of en-
gineered quantum systems in the microwave domain have
been studied for quantum information processing, such as
superconducting qubits and resonators,[8,9] electron spins of
nitrogen–vacancy center in diamond,[10] and hyperfine states
in ion trap qubits.[11] However, microwave frequency photons
are difficult to transmit over long distances due to the thermal
noise at the room temperature[8] and high loss∼1 dBm−1 with
the optimal microwave cables at 10 GHz.[3] Photons in opti-
cal domain show complementary features with the microwave
photons, such as ultra low transmission loss in the fibres be-
low 0.2 dBm−1 at telecom wavelength with the frequency
193 THz,[3] almost none thermal occupancy, highly efficient
single-photon detectors, and long-lived quantum memories.[2]

In addition, low decoherence and dissipation rates make opti-

cal photons as an ideal information carrier, which can be eas-
ily distributed between distant nodes in a quantum network
via optical fibre and waveguide.[12,13] The disadvantage of the
optical photon is the weak single-photon nonlinearity, which
prevents the development of quantum gates.[14] These suggest
the required techniques of bi-directional conversion of infor-
mation between microwave and optical fields.

Such a converter with high-efficient conversion is
useful to quantum information processing and quantum
network.[2,3] The coherent conversion of photons has been
proposed, including spin ensemble,[10,15] cavity quantum
electrodynamics,[16] and the mechanical-membrane in electro-
optomechanical systems.[1,7,17–20] Recent progresses includ-
ing bi-directional operation,[21] coherent coupling,[22] and ef-
ficient conversion[23] make use of a mechanical oscillator as
the transducer.

In cavity opto-electromechanical quantum system, a
nanomechanical resonator (NMR) as a interface can couple
a microwave device and an optical device on both sides of
it. In such a hybrid device, we have reported a scheme
of electro-optic waveform interconnect based on quantum
interference.[24] In this work, we present a bi-directional con-
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version between microwave and optical fields in a hybrid
electro-optomechanical device. As an interface, the NMR
bridges quantum linking between microwave and optical cav-
ities in the wide different frequency domains. In the hybrid
device, we can find that the single optomechanically induced
transparency (OMIT)[25–28] in the optical frequency domain
is split into double-OMIT due to adding the optomechanical
coupling in the microwave frequency domain, i.e., a new ab-
sorption peak appears in the OMIT window. The mechanism
of double-OMIT is quantum interference with N-type energy-
level from the coherent interaction of two kinds of photons and
phonons in cavity optomechanics. By making use of this fea-
ture, we present a scheme of reversible waveform conversion
between microwave and optical fields. The internal conversion
efficiency in the device is determined by the microwave and
optical cooperativities. The conversion bandwidth depends on
the width of OMIT windows determined by the effective op-
tomechanical coupling strength. Such a system can serve as a
converter in hybrid quantum networks to connect optical and
microwave fields.

Comparing with the other schemes, our model has the
following advantages: (i) We obtain a bidirectional coherent
conversion between the microwave and light signals, i.e., re-
versible conversion. (ii) The conversion can be obtained in the
two different or same frequency domains. (iii) The conver-
sion waveform is arbitrary. (iv) The hybrid opto- and electro-
mechanical system is simple and compact for the integration
and application.

2. Model and method
As schematically shown in Fig. 1(a), our model consists

of an optomechanical cavity (OMC) with the length l at an
optical frequency ω1 and a superconducting coplanar waveg-
uide resonator (SCWR) that forms a microwave cavity with
a microwave frequency ω2. Two cavities share a common
nanomechanical resonator (NMR) as a coupling interface, i.e.,
the NMR not only acts as a mechanical mirror of the opti-
cal cavity, but also is capacitively coupled to the central con-
ductor of SCWR. Therefore two kinds of cavities are sym-
metrical for NMR. Without loss of generality, we study the
manipulation of the optical field by the microwave field as
one example of interaction between the optical and microwave
fields. The optomechanical system is driven by a strong cou-
pling field with amplitude εc at frequency ωc and a weak probe
field with amplitude εp at frequency ωp. The microwave cav-
ity can be described by the equivalent inductance L and ca-
pacitance C +C(x) as shown in Fig. 1(b), and driven by the
electric potential e(t) = −i

√
2h̄ω2Lεin(e−iωwt − eiωwt) with

the frequency ωw.[29] Under the common actions of radia-
tion pressure forces arisen from the optical and microwave

fields, the NMR will oscillate at near its equilibrium position
with frequency ωm. The displacement of the NMR changes
the lengths of both cavities, simultaneously, i.e., cavity res-
onance frequency. Here the displacement of the NMR from
its equilibrium position is denoted by x, therefore, the effec-
tive OMC length will become l + x, then the resonance fre-
quency is given as ω1(x) = ω1(1− x/l). The coupling ca-
pacitance in the microwave cavity may be approximated by
C(x) = C0(1+ x/d) with the effective distance d(x) = d− x,
where C0 represents an equilibrium capacitance and d de-
scribes the distance between the equilibrium NMR and the
central conductor of SCWR (i.e., the plates of the capacitor
in Fig. 1(b)), thus the microwave cavity has a total capacitance
Ctotal =C(x)+C and frequency ω2 = 1/

√
LCtotal. Here we use

the assumption x� l,d.

OMC SCWR

N
M
R

εc

εc

εp

εp

εout

εout

εin

εin

(a)

(b) NMR

C↼x↽ L C

Fig. 1. Schematic diagram of reversible converter between microwave and
optical fields in the hybrid of the opto-electromechanical system: (a) a
nanomechanical resonator is coupled optomechanically to an optical cavity
on the right and capacitively to a superconductig coplanar microwave cav-
ity on the left, simultaneously; (b) equivalent circuit, where SCWR can be
viewed as an LC oscillation circuit with the fixed inductance L and tunable
capacitance as a sum of the constant capacitance C and the mechanically ad-
justable capacitance C(x).

The total Hamiltonian of the system can be written as
H = Hfre +Hint +Hdri, which includes the free Hamiltonian
Hfre of two cavities and the NMR, the interaction Hamiltonian
Hint between NMR and two cavities, and the driven Hamilto-
nian Hdri of the two cavity-driven terms. Three Hamiltonians
can be given respectively as

Hfre = h̄ω1a†a+ h̄ωmb†b+ h̄ω2c†c,

Hint = −h̄Gaba†a(b† +b)− h̄Gbc(c†c)(b† +b),

Hdri = ih̄εc(a†e−iωct −aeiωct)+ ih̄εp(a†e−iωpt −aeiωpt)

+ih̄εin(c†e−iωwt − ceiωwt), (1)

where a and c are the annihilation operators for the optical
and microwave cavities, b is the phonon annihilation oper-
ator of the NMR with the displacement x = xZPF(b + b†),
where xZPF =

√
h̄/2mωm is the mechanical zero-point fluc-

tuation of NMR with the mass m. The optomechanical cou-
pling strength Gab = gabxZPF (or Gbc = gbcxZPF) corresponds
to the shift of the optical (or microwave) cavity frequency due
to the mechanical motion, where gab = ω1/l, gbc = µω2/2d,
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and µ =C0/Ctotal. εc =
√

2Pcκ1/h̄ωc and εp =
√

2Ppκ1/h̄ωp

are the amplitudes of a strong pump field with the power Pc

and the weak probe field with the power Pp inside the OMC
with the decay rate κ1, respectively. A microwave source e(t)
with εin =

√
2Pmκ2/h̄ωw and the power Pm is injected into the

SCWR with the decay rate κ2 by the RF field.
In the opto-electromechanical hybrid system, the reso-

nant frequencies of the OMC and microwave cavity are usu-
ally much higher than the NMR’s frequency under the current
experimentally conditions, i.e., ωm � ω1,2. Based on the ro-
tating transformation, the total Hamiltonian can be rewritten
as

H = h̄∆1a†a+ h̄ωmb†b+ h̄∆2c†c− h̄Gaba†a(b† +b)

− h̄Gbcc†c(b† +b)+ ih̄εc(a†−a)

+ ih̄εp(a†e−i∆pct −aei∆pct)+ ih̄εin(c†− c)), (2)

where ∆1 = ω1−ωc, ∆2 = ω2−ωw, and ∆pc = ωp−ωc. By
introducing the dissipation and fluctuation noise terms, the dy-
namic equations of the system can be given by

ȧ = −(κ1 + i∆1)a+ iGab(b† +b)a+ εc + εpe−i∆pct

+
√

2κ1,exain,

ḃ = −(γm/2+ iωm)b+ iGaba†a+ iGbcc†c+
√

2γmξ ,

ċ = −(κ2 + i∆2)c+ iGbc(b† +b)c+ εin +
√

2κ2,excin, (3)

where κi = κi,ex + κi,in (i = 1,2). κi,in and κi,ex are the in-
trinsic and external loss rates of cavity mode i, respectively.
The NMR with the damping rate γm is affected by a Brownian
noise with zero mean value and the correlation function[30,31]

〈ξ (t)ξ (t ′)〉 = γm

ωm

∫ dω

2π
e−iω(t−t ′)

ω

[
coth

(
h̄ω

2kBT

)
+1
]

≈ γm(2n̄+1)∆(t− t ′),

where kB is the Boltzmann constant, T is the temperature
of the reservoir of the nanomechanical oscillator and n̄ =

[exp(h̄ωm/kBT )−1]−1 is the mean thermal excitation num-
ber of the resonator. The cavity dynamics also depend on the
cavity input noise ain (cin) with zero mean value.[32] Here, we
are only interested in the mean response of the system, there-
fore the Heisenberg–Langevin noise operators can be reduced
to their expectation values, i.e., the quantum and thermal noise
terms can be ignored.

In order to obtain the solutions of the Heisenberg–
Langevin equations, we only care about in the linear response
of the driven optomechanical system to the weak probe field.
In the case of |εp| � |εc|, |εin|, the dynamical equations of the
system can be linearized by assuming O = Os+∆O (O = a,b,
and c),[33,34] i.e., each operator of the system can be decom-
posed as the sum of its steady-state value Os and a small fluctu-
ation δO. By assuming εp→ 0 and setting all time derivatives

to zero, the steady-state values of the system can be gotten
from Eq. (3) as

as =
εc

κ1 + iδ ′1
,

bs = i
Gab|as|2 +Gbc|cs|2

γm/2+ iωm
,

cs =
εin

κ2 + iδ ′2
,

where δ ′1 = ∆1−Gab(b∗s +bs) and δ ′2 = ∆2−Gbc(b∗s +bs) are
the effective detuning of the optical and microwave cavities
due the motion of the NMR, respectively. By substituting
O = Os + δO into Eq. (3) and ignoring high-order nonlinear
terms, the Heisenberg–Langevin equations of ∆O are given
by

δ ȧ = −(κ1 + iδ ′1)δa+ iGabs(δb† +δb)+ εpe−i∆pct ,

δ ḃ = −(γm/2+ iωm)δb+ i(Gabsδa† +G∗absδa)

+i(Gbcsδc† +G∗bcsδc),

δ ċ = −(κ2 + iδ ′2)δc+ iGbcs(δb† +δb), (4)

where the effective coupling strength Gabs = Gabas and Gbcs =

Gbccs can be enhanced by the input fields. By introducing
δa = δ ã+e−i∆pct , δb = δ b̃+e−i∆pct , and δc = δ c̃+e−i∆pct , we
can ignore the fast oscillating terms ei2∆pct and get the follow-
ing equations:

δ ˙̃a+ = −(κ1− i∆ ′1)δ ã++ iGabsδ b̃++ εp,

δ
˙̃b+ = −(γm/2− i∆ ′)δ b̃++ iG∗absδ ã++ iG∗bcsδ c̃+,

δ ˙̃c+ = −(κ2− i∆ ′2)δ c̃++ iGbcsδ b̃+, (5)

where ∆ ′1 = ∆pc−∆ ′1, ∆ ′2 = ∆pc−δ ′2, and ∆ ′ = ∆pc−ωm. Un-
der steady-state condition, we can obtain

δ ã+ =
εp

κ1− i∆ ′1 +
|Gabs|2

γm/2− i∆ ′+
|Gbcs|2

κ2− i∆ ′2

. (6)

In order to reveal the effects of the microwave field on
the optical field, we will find out the response of the sys-
tem to the probing frequency. By making use of the input–
output relation of the cavity field in the rotating transfor-
mation εout + εc + εpe−i∆pc = 2κ1〈a〉, where εout = εouts +

εout+e−i∆pct and 〈a〉= as+〈δ ã+〉e−i∆pct , we can obtain εout =

(2κas− εc)︸ ︷︷ ︸
Control field

+(2κδ ã+− εp)e−i∆pct︸ ︷︷ ︸
Probe field

. We can see that the output

field contains the input control field at the frequency ωc and
the probe field at the frequency ωp. Therefore the output fields
at the probe frequency yields εout+ = 2κ1δ ã+− εp.[35,36] For
the modification of the probe field, we resort to the term εT,
which is defined as

εT = εout+/εp +1 = 2κ1δ ã+/εp. (7)
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The real and imaginary parts of εT show the absorption and
dispersion of the OMC system, respectively.[25] After some
simplification, we can rewrite the term of εT in a more intu-
itive relationship between the output probe field and the input
microwave field as

εT =
2κ1

κ1− i∆ ′1 +
|Gabs|2

γm/2− i∆ ′+

∣∣∣∣ Gbc

κ2 + iδ ′2

∣∣∣∣2
κ2− i∆ ′2

|εin|2

. (8)

3. Results and discussion

Now we investigate the conversion between the optical
and microwave fields through NMR as an interface. To esti-
mate the output field of OMC, the parameters are taken anal-
ogously to those of Refs. [29,37] for the NMR, that is, m =

10 ng, ωm = 2π × 10.56 MHz, Q = 3.6× 104, γm = ωm/Q,
where Q is the quality factor of the NMR, for optical cavity
of length l = 1 mm and damping rate κ1 = 0.08ωm, driven
by a strong pump field with the wavelength λc = 810 nm, for
the microwave cavity with the frequency ωw = 7.19 GHz, the
damping rate κ2 = 0.01ωm, µ = 0.09, and d = 1.8 nm.

As shown in Fig. 2, the absorption Re(εT) and dispersion
Im(εT) of the output field are plotted as functions of ∆/ωm for
different powers of driven fields by setting ∆ ′1 = ∆ ′ = ∆ ′2 = ∆ ,
i.e., the red detuning δ ′1 = δ ′2 = ωm. We can find the OMIT
windows from absent to single to double, which can be under-
stood from the interference based on the level configuration in
Fig. 3.[38] If the OMC is not driven by the strong pump field
εc, figure 2(a) shows the usual absorption and dispersion of the
optical field with no transparency window. The output field be-
comes εT = 2k1/(k1− i∆), which only depends the OMC de-
cay κ1 and the detuning ∆ . However, if the quality factor of the
OMC is sufficiently high, the transparency can be opened up
by the cavity vacuum, i.e., the vacuum Rabi-splitting, which
can lead to vacuum-induced transparency (VIT),[39] this case
is not considered here. When the OMC is driven by the strong
pump field and without the microwave field, the output field
can be rewritten as

εT =
2k1

(k1− i∆)+
|Gabs|2

γm/2− i∆

, (9)

which has the standard form of OMIT due to the destructive
interference between the probe field and the anti-Stokes field
(Gabs) generated by the pump pulse, as shown in Fig. 2(b). The
width of the transparency window depends on the intensity of
the effective coupling |Gabs|2 in the optical cavity, which can
be adjusted by the input fields.[40]
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Fig. 2. The absorption Re(εT) (blue-solid line) and dispersion Im(εT) (red-
dashed line) as a function of the detuning ∆ in the different cases (a) Pc = 0;
(b) Pc = 60 mW, Pm = 0; (c) Pc = 60 mW, Pm = 0.6 µW; (d) Pc = 60 mW,
Pm = 24 µW.

Further, when the optical and microwave fields interact
simultaneously with NMR, the behavior of the probe output
field becomes the double-OMIT,[36] which is caused by the
additional coupled microwave field. Its real and imaginary
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parts are shown in Figs. 2(c) and 2(d). A new absorption peak
appears inside the transparency window in Fig. 2(b) due to
the effect of the destructive interference.[38] The double-OMIT
can be explained by the N-type energy level configuration in
Fig. 3. When the NMR b is coupled to the microwave cav-
ity c via the microwave optomechanical interaction, which is
involved in the interference process, this microwave optome-
chanical interaction destroys the OMIT and splits one trans-
parency window into two, i.e., two dips appear as shown in
Fig. 2(d). In addition, we can find that the middle new absorp-
tion peak become high as the power of microwave input field
increases from Figs. 2(c) and 2(d).

|No+1,Nm,n>

|No,Nm+1,n>

|No,Nm,n>
|No,Nm,n+1>

ε p
,ω
p

G
ab
s ,w

c

G
bc
s
,ω
w

Fig. 3. Energy level structure of the simplified system. The number states of
photons and phonons are denoted by No,m and n, respectively. The effective
optomechanical coupling strength between |No+1,Nm,n〉 and |No,Nm,n+1〉
in the optical domain is Gabs, and the effective optomechanical coupling
strength between |No,Nm,n+1〉 and |No,Nm +1,n〉 is Gbcs.

When ∆ = 0 with the red detuning and the constant Gabs,
we can construct the interconnection between microwave and
optical fields and rewritten Eq. (8) as

εT =
2γmκ1κ2 +4κ1|Gbcs|2

γmκ1κ2 +2|Gbcs|2κ1 +2|Gabs|2κ2
. (10)

where Gbcs = Gbcεin/(κ2 + iωm) is proportional to the input
microwave field. Thus, we obtain an analytic expression of
the relationship between the output field of OMC at the probe
frequency and the input microwave field. Using this intercon-
nect, we can generate an arbitrary waveform modulation of the

optical field by adjusting the corresponding input microwave
field. In the path, the input microwave field is transferred to
the output of OMC along εin → c→ b→ a→ εT, where the
transmission amplitude is changed, but its waveform can be
kept. To demonstrate the ability of the proposed scheme to
transfer waveform between both different frequency signals,
we give the numerical simulation results of Eq. (5) with ∆ = 0,
the initial time δ ã(0) = δ ãs, ∆ b̃(0) = 0, and δ c̃(0) = 0, as
shown in Fig. 4. For keeping high fidelity of the conversion
from Eq. (10), the approximate conditions need be satisfied
γmκ2 � 2|Gbcs|2 � 2|Gabs|2κ2/κ1, i.e., a high quality NMR
and optical cavity. Further equation (10) can be approxima-
tively rewritten as

εT =
2κ1

κ2
·

G2
bc

(κ2
2 +ω2

m)|Gabs|2
· |εin|2, (11)

which is a one-to-one correspondence between the microwave
field and the output probe field. Thus the waveform of the out-
put probe field follows the waveform of the input microwave
field, i.e., a waveform conversion or interconnect.

For the transmission waveforms, we choose the standard
and general cosine, square, and sawtooth waveforms as the in-
put waveforms injected to SCWR, as shown by the solid lines
in Figs. 4(a1), 4(b1), and 4(c1). Then, by using the numerical
simulations, we obtain the corresponding transmission wave-
forms, indicated by the blue solid lines in Figs. 4(a2), 4(b2),
and 4(c2). Based on Eq. (10), the corresponding analytic re-
sults of the output field are shown by the red dashed lines in
Figs. 4(a2), 4(b2), and 4(c2). We can find that the envelopes
of the simulation results are in good agreement with the wave-
forms of the analytical results, and approximatively follow the
waveform of the input microwave field. The differences be-
tween both simulation and analytical results mainly originate
from the transient process, which can not change the whole
evolution envelope.
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Fig. 4. Numerical and analytic results of the waveform conversion. Panels (a1), (b1), and (c1) show the input cosine, square, and sawtooth
microwave waveforms injected into SCWR, and panels (a2), (b2), and (c2) show the numerical and analytic results of the cosine, square, and
sawtooth waveform conversions, respectively. The other parameters are the same as those in Fig. 2(b).

068502-5



Chin. Phys. B Vol. 30, No. 6 (2021) 068502

In addition, if a strong control field and a weak probe field
are injected into SCWR from the right side of the device, and
a strong optical field is injected OMC from the left side of our
device, that is, the positions of the mode a interchanges with
that of the mode c in the total Hamiltonian of our system. From
Eq. (1), we can see that the positions of a and c are symmetric
in the Hamiltonians of before and after interchange positions
of modes a and c, therefore the conversion waveform of op-
tical to microwave frequency can be achieved based on the
same method. Therefore, in this paper, we propose a feasible
theoretical scheme for an arbitrary-waveform reversible con-
version between microwave and optical wave. This scheme
can be used to realize an arbitrary-waveform modulator be-
tween two fields in the different frequency domains.

To measure the conversion efficiency, we can use the con-
version efficiency present by Tang.[8] To introduce the input
and output of modes a and c into the equations of motion, we
can give the reasonable assumptions including the resonance
∆ = 0, negligible the Brownian noise to NMR, the small cavity
input ain and cin. Then equation (5) can be rewritten as

δ ˙̃a = −κ1δ ã+ iGabsδ b̃+
√

2κ1,exain,

δ
˙̃b = −γm/2δ b̃+ iG∗absδ ã+ iG∗bcsδ c̃,

δ ˙̃c = −κ2δ c̃+ iGbcsδ b̃+
√

2κ2,excin,

aout = ain−
√

2κ1,exδ ã,

cout = cin−
√

2κ2,exδ c̃. (12)

By solving Eqs. (12) in the steady state case, we can get the
relationship between the input and output of modes a and c as

aout

cout

=


1−
2λ3
√

κ1,exκ2,ex

λ1λ3−|λ2|2
−

2λ2
√

κ1,exκ2,ex

λ1λ3−|λ2|2

−
2λ ∗2
√

κ1,exκ2,ex

λ1λ3−|λ2|2
1−

2λ1
√

κ1,exκ2,ex

λ1λ3−|λ2|2




ain

cin

 ,

where λ1 = κ1 +
|Gabs|2
γm/2 , λ2 =

GabsG∗bcs
γm/2 , and λ3 = κ2 +

|Gbcs|2
γm/2 .

Thus, the bidirectional conversion efficiency can be written as

η =

∣∣∣∣aout

cin

∣∣∣∣2 = ∣∣∣∣cout

ain

∣∣∣∣2 = κ1,ex

κ1

κ2,ex

κ2
× 4C1C2

(1+C1 +C2)2 , (13)

where C1 =
|Gabs|2
κ1γm/2 and C2 =

|Gbcs|2
κ2γm/2 are defined as the optical

mode a and microwave mode c cooperativities in the OMC and
SCWR, respectively. As we can see from Eq. (13), the con-
version efficiency consists of two parts: the system extraction
efficiency which is ηex =

κ1,ex
κ1

κ2,ex
κ2

, the internal conversion ef-

ficiency which is ηin =
4C1C2

(1+C1+C2)2 , i.e., η = ηex×ηin. We can
find that the internal conversion efficiency can never be larger
than unity. Only when both cooperativities become larger, i.e.,
C1,C2 � 1, will the internal conversion efficiency be greater
and approaching 1, but not greater than 1. The conversion ef-
ficiency has the same form with the results given by Tang[8]

and Li.[16]

From Figs. 2(c) and 2(d) and Eq. (8), we can find that the
bandwidth of the output field at ∆ = 0 depends on the width
of induced window, i.e., the effective microwave-mechanical
coupling strength Gbcs based on quantum interference. There-
fore the bandwidth of the conversion is determined by the
width of OMIT window depended on the effective optome-
chanical coupling strength Gbcs, which can be modulated by
the input microwave field and the quality factor of SCWR.
When the waveform conversion from optical to microwaves
is performed, and vice versa based on the same mechanism.
For bidirectional conversion, the bandwidth of the conversion
depends on both effective optomechanical coupling strengths
Gabs and Gbcs.

4. Conclusions
In summary, we proposed a scheme to realize a reversible

optical to microwave waveforms conversion in two different
frequency domains by a hybrid opto-electromechanical sys-
tem based on quantum interference. The analytically con-
vertive expression of one-to-one correspondence between the
microwave field and the optical field has been given. The pro-
posed scheme may built a bridge to interconnect two differ-
ent frequency domains, i.e., bi-directional waveform transfer.
The internal conversion efficiency is determined by the mi-
crowave and optical cooperativities. The conversion band-
width depends on the width of OMIT windows determined
by the effective optomechanical coupling strength. It will be
expanded into the field of information transmission and cod-
ing, linking low-loss transmission optical signals and deft mi-
crowave technologies to achieve complementary advantages
of the microwave and optical waves. This scheme may have
potential applications in future communication and signal pro-
cessing systems.
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