
Contents lists available at ScienceDirect

Results in Physics

journal homepage: www.elsevier.com/locate/rinp

On-chip polariton generation using an embedded nanograting microring
circuit

N. Pornsuwancharoena, P. Youplaoa, I.S. Amirib, J. Alic, R.R. Poznanskid, K. Chaiwonge,
P. Yupapinf,g,⁎

a Department of Electrical Engineering, Faculty of Industry and Technology, Rajamangala University of Technology Isan, Sakon Nakhon Campus, 199 Phungkon, Sakon
Nakhon 47160, Thailand
bDivision of Materials Science and Engineering, Boston University, Boston, MA 02215, USA
c Laser Centre, IBNU SINA ISIR, Universiti Teknologi Malaysia 81310 Johor Bahru, Malaysia
d I-CODE, Universiti Sultan Zainal Abidin, 21300 Kuala Nerus, Terengganu, Malaysia
e Department of Electrical and Electronics Engineering, Faculty of Industrial Technology, Loei Rajabhat University, Loei 42000, Thailand
f Computational Optics Research Group, Advanced Institute of Materials Science, Ton Duc Thang University, District 7, Ho Chi Minh City, Viet Nam
g Faculty of Electrical & Electronics Engineering, Ton Duc Thang University, District 7, Ho Chi Minh City, Viet Nam

A B S T R A C T

We have proposed a model of polariton generation, which is normally generated by the dipole and the strong coupling field interaction. This system consists of a gold
grating embedded on the plasmonic island, which is embedded at the center of the nonlinear microring resonator, which is known as a panda-ring resonator. The
strong coupling between the plasmonic waves and the grating can be formed by the whispering gallery mode (WGM) of light within a Panda-ring resonator, in which
the output is a dipole-like particle known as a polariton and seen at the system output. By varying the energy of high-intensity laser pulse in the system and gold
granting a strong field is generated at the output. A dipole is formed by a pair of the grating signals, where one propagates in the opposite direction of the other. By
using suitable parameters, dipole-like signals can be generated. Theoretical formulation is performed for a two-level system and polariton oscillation frequency i.e.,
the Rabi frequency is plotted. The obtained ground and excited state frequencies of this two-level system are 187.86 and 198.20 THz, respectively.

Polariton is a particle that can be localized at the ground or excited
states within the two-level system, as reported in various studies [1,2].
Photons generated by plasmonic grating can behave as charged parti-
cles in the magnetic field [3]. By using the localized surface plasmon
and Bragg mode on the aluminum nanograting deposited on the alu-
minum film, the strong coupling could be established. In this coupling,
the dipole-dipole bonds of polaritons, which are eigenstates, are gen-
erated in the interaction between the plasmonic waves and charge di-
poles. In this work, we propose that the energy transfer between the
polaritons generated by the interaction between plasmonic waves and
whispering gallery mode (WGM) of light in the grating cavity within
microring system [4,5], which can introduce the polaritons that pro-
pagate within the microring system. It is a two-level system that os-
cillates with Rabi frequency (ωRabi) [6–8], where the polariton is a
particle that can be localized at the ground or excited states within the
two-level system, where there are various works have been manipu-
lated [9,10]. In Fig. 1, it is shown that the electric field Ein is fed into the
input port along the z-axis and propagates within the system. It is de-
fined as = = − − +E E E ein Z

ik Z ωt φ
0 z , where E0 is the initial electric field

amplitude, kz is the wave number in the direction of propagation, ω is
the angular frequency [11–14], where φ is the initial phase. WGM of the
coherent light is required to generate plasmonic waves within the
plasmonic island within Panda-ring resonator. The electrical output
field of the WGM (EWGM) can be formed by the cylindrical coordinates
as described in Ref. [15]. The reflected output of the grating within the
plasmonic island can be given by IWGMR =−R IWGM WGMR. RWGM,
where RWGM is the reflectivity of the applied material, for example,
gold. The proposed system was simulated based on practically achiev-
able device parameters [16,17] which are given in the captions of re-
levant figures. In Fig. 1, the selected wavelength from the light source is
fed into the system via the input port, which is represented as input
electric field (Ein). The reflected grating output signal of the system is
shown in Fig. 1, where the reflected light power is entered into the
Panda-ring system, where the peak reflection P λ( ( ))B B at the waveguide
port is approximately given by ≈ ⎡⎣ ⎤⎦P λ tanh( )B B

Nπ V δn
n

2 ( ) 0 . Here N is the
number of the periodic variations, δn0 is the refractive index variation
of the waveguide, ח is the fraction of power in the waveguide core, and

⎡⎣ ⎤⎦λδn π
π B

2 0 . The reflected power can also be calculated by using add port
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outputs with the criteria that the normalized power has to be main-
tained, where = + +I I I Iin th drop add must be satisfied.

Preliminary simulation results were performed by the graphical
approach of Optiwave program to obtain optimized parameters, which
were subsequently used for simulations with MATLAB program. The
results are presented in the aspect of the normalized condition that can
be used for quantum picture presentation. The electrical field (E) pro-
pagates within the microring system as shown in Fig. 1 is found in re-
ferences [16–19]. The used waveguide loss is 0.10 dB cm−1, the core
effective area is 0.30 µm2 [20,21]. The polariton oscillation frequency
of the two-level system can be tuned by suitable excited energy, from
which the various states are formed. The probability of finding is given
by the Bloch equation and expressed by C t| ( )|b

2 α sin ω t( /2)Rabi
2 [1,2],

where ωRabi is the Rabi frequency and t is the evolution time. From
Fig. 1, the WGM light beam is generated by the Panda-ring resonator.
Light propagates to the plasmonic island that has gold grating at the
center. The system outputs are seen at through, drop and add ports,
while the reflected light from the plasmonic grating is obtained by the
add port output. The polariton oscillation distribution in the system in
Fig. 1 using the Optiwave program is plotted in Fig. 2, where the input
light pulse power is 50 mW with the center wavelength of 1.55 µm. The
radii of the ring system are RL = RR =1.1 µm, RD =2.0 µm. All κ1 to
κ4 =0.5, the grating pitch is 0.1 µm. The refractive index; n ChG0 = 2.9,
the nonlinear refractive index, n ChG2 =1.02×10−17 m2W−1 [22],
nSi =3.47 (Si-Crystalline silicon). The grating dimensions are (wide x
length x thickness) = 0.5µmx0.5µmx0.1 µm.Rsi =1.6 µm, the silicon
ring thickness is 0.2 µm, where (b) is the add port output with wave-
length, (c) is the add port output with time. The obtained two fre-
quencies (excited and ground states) are 198.20 THz and 187.86 THz.
The plot of the system outputs is shown in Fig. 3, where (a) throughput,
(b) WGM, (c) add port, the grating pitch is ranged from 0.1 to 0.5 µm.
The input light power is fixed at 50 mW. The plot of the normalised
intensity and frequency of the add port output is shown in Fig. 4, where
the grating dimension is (wide× length× thick-
ness)= 0.5 µm×0.5µm×0.1 µm, with the various input power. The
plot of the relationship between the probability (normalized intensity)
of finding the polariton distribution within the system and sin ω t( /2)Rabi

2

is shown in Fig. 5, where the ground and excited state frequencies are
187.86 and 198.20 THz, respectively. The evolution time is from 0.0 to
1000 fs. The polaritons can be generated by the coupling between the
strong electric field and the dipole-like charge within the nonlinear
microring resonator known as a Panda-ring resonator. The driven

plasmonic wave interacts with the gold grating in the island, in which
charge polariton is formed by the charge dipole. The polariton can
propagate within the system and be detected at the system output ports.
More results are obtained at the drop and through ports, which are
related to the add port outputs.

In an application, the polariton is formed by the coherent light that
can transport in the same way with light within a waveguide. By using
the suitable coherent light wavelength and waveguide, the polariton
can transport with the long distance. The waveguide can be an optical
fiber or liquid core waveguide. The latter one is very interesting, in
which the polariton can transport within the liquid core waveguide that
can be used for bio-cell communication [14,23], where the polariton
can be transported and interacted with the ionic dipole within the
microtubules, where the quasi-particle of the combined ionic dipole and
polariton is formed and the information established. Principally, the
polariton is generated by the human brain and transmitted to connect
with the cells throughout the body, in which the information and nu-
trient are connected and distributed in form of the network. The plas-
monic device on-chip may be possible for such a concept of operation,
which may make the robot-like human called humanoid be available in
the near future. The humanoid processing chip can be configured as the

Fig. 1. A system of the polariton generation using the gold grating embedded in
a Panda-ring resonator, where Ein, Eth, Edr , Eadare the electrical fields of the
input, throughput(through), drop and add ports. RR, RL, and RDare the right,
the left, and the centre ring, respectively, the coupling coefficients κs= 0.5. RSi

is the silicon ring radius. LAu and WAu are the gold grating dimensions. The side
rings are chalcogenide glass (ChG).

Fig. 2. Polariton oscillation distribution in the system in Fig. 1 using the Op-
tiwave program, where the input light pulse power is 50 mW with the center
wavelengths of 1.55 µm.
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following details. The humanoid is constructed by living cells, which is
initiated by the ionic dipole. Nutrients can be injected into the system
via the circuit port, which can transport into cells by the polaritons
within the liquid core waveguide (blood and water). The nutrients
(waste) are transported by the blood flow, while the information is
transmitted via the plasmonic waves. The information can be modu-
lated and connected to the cell networks by the polariton carrier, which
can be input into the system via circuit ports. The signal code and de-
code (CODEC) forms can be processed by the quasi-polariton spin up
and down, which is patterned to be the memory by the different
magnetic field strengths. It is called the self-organised form and kept in
the sub-cell region known as the subconsciousness.

Furthermore, the electro-optic conversion can be obtained by the
relationship between the light intensity (I), group velocity and the

electron mobility, which can be expressed by = = ( )I E V
μ

2
2

d , where
Vd= µE. When an electric field E is applied to the grating sensor, an
electric current is established in the gold grating. The density Js of this
current is given by Js= σE. The constant of proportionality σ is called
the specific conductance or electrical conductivity of the conductor
(gold is 1.6× 108W−1m−1) [19,24].

We have shown that the polariton can be generated by the WGM
signals in the plasmonic grating, which is claimed as the interaction
between charged particles and a strong electric field. The suitable
grating pitch and incident WGM power can be used to form the Rabi
oscillation which makes it a two-level energy transferring system. The
output of such interaction is a polariton of frequency (ωRabi) which is a
particle that moves within the Panda-ring system. The detection of such
a particle can be seen at through and drop ports of the system. The
probability of finding it within the system is plotted in Fig. 5 that shows
convincing results. The two Rabi frequencies of the two-level system are
187.86 THz and 198.20 THz. The change in the strong field by varying
the input power has shown that the Rabi frequency can be tuned and
shifted, which are potentially useful for sensor applications.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the

Fig. 3. The plots of the system outputs, where (a) throughput, (b) WGM, (c) add
port, the grating pitch is ranged from 0.1 to 0.5 µm, where the input light power
is fixed to 50 mW.

Fig. 4. The plot of the normalised intensity and frequency of the add port
output, The grating dimension is (wide× length× thick-
ness)= 0.5 µm×0.5 µm×0.1 µm, with the various input power.

Fig. 5. The plot of the relationship between the probability (normalized in-
tensity) of finding the polariton distribution and sin ω t( /2)Rabi

2 within the
system, where the ground and excited state frequencies are 187.86 and
198.20 THz, respectively. The evolution time is from 0.0 to 1000 fs.
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