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In this paper, the Čerenkov radiation of light pulse in a microring and gratings is simulated and investigated. The sys-

tem design consists of a two-defect grating incorporating a microring, connected with a uniform grating. In simulation, 

the continuous wave (CW) light pulse with wavelength centered at 1.55 µm is input into the microring device via the 

two-defect grating. The resonant outputs from the two-defect grating propagate through the microring and uniform 

grating, where the time delays of those two input pulses with different wavelengths through the system are distin-

guished by the output uniform grating. From the obtained resonant output pulses, we find that the red-shifted and 

blue-shifted Čerenkov pulses are observed. In applications, such a proposed system can be used to form two different 

optical delay pulses, in which the change in Čerenkov radiation of them, i.e., time delay within a microring device 

system, can be useful for Čerenkov radiation imaging and sensing applications. 
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Čerenkov radiation is one of the signals produced by 
interactions between charged particles and medium[1,2]. 
Čerenkov radiation has been studied theoretically and 
experimentally in one-dimensional periodic multilayer 
stacks[3], photonic crystals[1,4], fiber optics[2,5,6], channel 
waveguide[7,8], coaxial slow-wave structure[9], photonic 
crystal fiber[10], bulk birefringent quadratic medium[11] 
and metamaterials[12].  

In applications, many forms of Čerenkov radiation 
were used in various works. A fiber-optic Čerenkov ra-
diation sensor without an organic scintillator was em-
ployed to measure the Čerenkov radiation induced by 
therapy as a function of the dose rate of the proton 
beams[13,14]. The Čerenkov detector for half-value layer 
(HVL) measurement with detection threshold in the low 
energy range was formed by the industrial electron linear 
accelerators (LINACs)[15]. Čerenkov luminescence light 
signal from radionuclides was applied for nuclear imag-
ing[16]. The optical fibers were designed to be the Čer-
enkov detector for imaging in radiation therapy[17]. The 
Čerenkov radiation generated in the fiber-optic radiation 
sensor by irradiation of pure thermal neutron beams was 

measured in different depths of polyethylene for detect-
ing thermal neutrons in high-temperature conditions[18]. 
Recently, we have shown that the red-shifted and blue-
shifted Čerenkov radiation could be generated by using 
the optical light pulse traveling through the nested 
nonlinear microring resonators and gratings system[19]. In 
this paper, a simple scheme of Čerenkov radiation is 
proposed. It can be found that the red-shifted and blue-
shifted Čerenkov radiation can be generated and distin-
guished within the small scale optical device, which is 
useful for various applications, such as Čerenkov sensing 
and imaging and fast and slow light, in which the small 
scale sensing device can be fabricated and employed.  

The proposed Čerenkov radiation system is shown in 
Fig.1, which consists of a two-defect grating incorporat-
ing a microring and a uniform grating at the output port. 
The amplitude of electric field Ej inside the jth layer can 
be written as[20] 
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where EFj and EBj are the amplitudes of the forward and 
backward propagating waves in the jth layer, respec-
tively. ϕFj and ϕBj are the nonlinear induced phase 
changes of the forward and backward propagating waves 
in the jth layer, respectively. The amplitudes of the for-
ward and backward propagating waves in the jth layer 
are related to those in the layer j+1 by a matrix, which is 
given by[20] 
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where Lj is the ending z-coordinate of the jth layer, and kj 
is the wave number in the jth layer. Since the n+1 layer 
extends to infinity, there is no backward propagating 
wave in this layer. By working backward, we can calcu-
late the amplitude in the nth layer and other preceding 
layers from the outgoing wave ET, so the incident wave 
is related to the transmitted wave[20].  
 

 

Fig.1 Schematic diagram of the Čerenkov radiation 
system consisting of microring and gratings, where 
Λ=0.2 μm, dH=0.1 μm for InP material, dL=0.08 μm for 
InGaAsP material, and dD=0.2 μm for GaAs material 

 
The simulation parameters are fixed by the refractive 

index of waveguide nH=3.51 for InGaAsP material. The 
radius of microring is 3.1 μm. The lower layer uses the 
InP material with the refractive index nL=3.22, where the 
nonlinear refractive index coefficient is 2.2×10-13 m2/W 
(InGaAsP/InP). Simulation results are obtained by using 
the finite difference time domain (FDTD) method (Opti-
wave@OptiFDTD), which is a commercial software 
program, and the used device parameters are chosen 
close to the practical fabrication parameters. Results of 
output intensity are shown in Fig.2(a), and we find that 
the output intensity at out1 is higher than those at out2 
and out3. The output intensity at the wavelength of 
1.65 μm is red-shifted, which is caused by the forward 
emissions of optical waveguide layers[21], for instance, 
the two-defect modes. This shifted result in Fig.2(a) is 
confirmed by the conversion of output power as shown 
in Fig.2(b).  

 
    (a) 

 
    (b) 

Fig.2 Simulation results of (a) output intensity and (b) 
output power of the light pulse propagation through 
the designed model, where the center wavelength of 
input light pulse is 1.55 μm 
 

Additionally, the shifted output intensity depends on 
the incident light pulse at the input waveguide, which is 
shown in Fig.3. We find that when the incident light 
pulse is changed from 0° to 10°, Δλ=10 nm. The reflec-
tion (blue-shifted) of the produced radiation from the 
interfacing layers is now properly taken into account, and 
Fig.4 shows the absorption of Čerenkov radiation due to 
the passage of fast photons (or trapped particles, i.e., 
electrons) through the device layer. It can be seen from 
Fig.4 that the blue-shifted radiation and red-shifted radia-
tion occur at the center wavelengths of 1.395 μm 
(215 THz) and 1.714 μm (175 THz) for the input wave-
length centered at 1.55 μm, respectively. 
 

 
      (a) 
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      (b) 

 
      (c) 

Fig.3 Simulation results of output intensity at (a) out1, 
(b) out2 and (c) out3 with the incident angles of light 
pulse of 0° and 10°, where the center wavelength of 
input light pulse is 1.55 μm 

 

 
      (a) 

 
      (b) 

 
      (c) 

Fig.4 Results of Čerenkov effects at (a) out1, (b) out2 
and (c) out3 with input pump pulse at center wave-
length of 1.55 μm for red-shifted and blue-shifted ra-
diation 
 

In Fig.5, the electrical field intensity propagating in y 
direction with full width at half maximum (FWHM) of 
0.375 μm through the optical waveguide system is dem-
onstrated, and the center wavelength of the input CW 
optical light pulse is 0.785 5 μm.  In Fig.6, the simula-
tion result of the input light pulse with center wavelength 
of 785.5 nm and FWHM of 1.05×10-13 s is obtained. In 
Fig.6(b), the normalized output at the out1 is plotted for 
blue-shifted Čerenkov radiation, in which the blue-
shifted Čerenkov results have 6 output wavelengths of 
766.72 nm, 771.09 nm, 787.33 nm, 793.01 nm, 798.40 nm 
and 814.21 nm, respectively, as shown in the inset of 
Fig.6(b).  

 

 

Fig.5 Output Ey versus position within the system, 
where the center wavelength of input light pulse is 
1.55 μm 

 
The forward and backward light pulses with two-defect 

modes in two-defect grating are absorbed and emitted by 
this center wavelength. In Fig.6(c), the normalized output of 
red-shifted Čerenkov radiation after light passing through 
the microring at the out2 is plotted. There are 12 blue-
shifted Čerenkov radiation wavelengths as shown in inset of 
Fig.6(c), which are 752.08 nm, 757.03 nm, 761.98 nm, 
766.57 nm, 771.23 nm, 776.19 nm, 781.72 nm, 787.48 nm, 
793.01 nm, 803.06 nm, 808.75 nm and 814.14 nm, respec-
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tively. In Fig.6(d), the combination (interference filter) be-
tween red-shifted and blue-shifted Čerenkov radiations is 
filtered by the uniform grating at the out3, where the nor-
malized outputs are at 752.15 nm, 757.10 nm, 761.91 nm, 
766.57 nm, 771.16 nm, 776.19 nm, 781.80 nm, 787.48 nm, 
793.01 nm, 797.89 nm, 803.29 nm, 808.67 nm and 813.92 nm, 
respectively, as shown in the inset of Fig.6(d). 

 

   
(a)                                                     (b) 

   
(c)                                                     (d) 

Fig.6 (a) Input light pulse with center wavelength at 
0.785 5 μm; Results of the normalized outputs at (b) 
out1 (inset: blue-shifted Cerenkov radiation), (c) out2 
(inset: red-shifted Čerenkov radiation), and (d) out3 

 
The Čerenkov radiation of optical pulse in a microring 

system is simulated and presented. The output signals 
confirm that the shifted particle (photon) speed can be 
obtained, the shock optical wave behavior is observed, 
and the two different optical pulse time delays can be 
arranged. In this paper, the blue-shifted radiation and 
red-shifted radiation occur at the center wavelengths of 
1.395 μm (215 THz) and 1.714 μm (175 THz) for the 
input wavelength centered at 1.55 μm, respectively. Re-
garding the present fabrication and the signal detection 
technologies, using luminescence light signal and device 
(microring) for Čerenkov radiation sensing and imaging 
applications is reasonable.  
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