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Abstract 
 

The unidirectional transmission of electromagnetic (EM) waves based on Faraday rotation typically involves magnetic 
materials, which limits the integration of such devices at the chip level. Sparked by the wave-particle duality of 
electromagnetic waves in quantum theory and by the unidirectional transportation property of conventional fluidic Tesla 
valve (FTV), we proposed and demonstrated numerically and experimentally an optical Tesla valve (OTV) comprising photonic 
crystal cavity-waveguides entirely using magnet-free dielectrics. Spatial-reversal symmetry is broken, which, for a photon 
stream, is equivalent to apparent time-reversal symmetry breaking that is responsible for the unidirectional transmission 
property of the proposed OTV. The realized OTV exhibits a unidirectional transmission with a stopping factor of more than 40 
dB at the microwave frequency. The proposed cavity-waveguide system is made of a single photonic crystal rather than 
multiple periodic structures. The experimentally demonstrated OTV has potential applications in optical, photonic, and 
quantum optics technologies, opening up a new way to control electromagnetic waves and other waves, such as acoustic 
waves, pressure waves, and soliton waves. 

Keywords: Unidirectional wave transport; Optical tesla valve; Optical photonic crystals; Optical diode. 

Received: 12 September 2025; Revised: 29 October 2025; Accepted: 12 November 2025 

Article type: Research article. 
 

1. Introduction 

Unidirectional energy/field/signal transport gains primary 

interest in the fields of quantum computing,[1] signal 

processing,[2] medical imaging,[3] and satellite and aerospace 

applications.[4] Metamaterials (MTM) and photonic crystals 

(PhCs) are readily available candidates for designing and 

demonstrating electromagnetic (EM) wave transmission due 

to their intriguing EM properties. The first PhC one-way 

waveguide was realized and demonstrated in the early 21st 

century by Haldane et.al.[5] However, all these devices were 

demonstrated using non-linear, magnetic materials[6–14] in 

which the Lorentz reciprocity theorem no longer holds, and 

also time-reversal symmetry is broken. 

Recently, researchers have demonstrated the possibility of 

unidirectional transmission using purely passive, linear, and 

non-magnetic materials without violating the Lorentz 

reciprocity theorem or breaking time-reversal symmetry. It is 

worth mentioning that the unidirectional and nonreciprocal 

transmission phenomena need not be the same (a plethora of 

debate is found in literature[15–19]), where the latter inhibits the 

unidirectional transmission in linear and passive materials due 

to the symmetric zero half-diagonal element present in the 

constituent parameters of the linear and time-independent 

materials. But using PhC band-matching techniques[20,21] and a 

machine learning algorithm,[22] unidirectional transmission has 

been reported using only linear and passive media.  

The main principle of unidirectional transmission in PhCs 

with linear and passive materials involves mode scattering, as 

well as the quantum perspective of wave-particle duality, 

which renders the photon (particle-like) nature for the incident 

EM waves inside the PhC system, where the spatial inversion 

symmetry is broken, which is indeed apparently equivalent to 

breaking the time reversal symmetry in the magnetic 
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anisotropic media. While considering the mode scattering in 

which forward/backward wave propagations involve different 

coupling of scattered electromagnetic waves in a system made 

of two different periodic structures, the system as a whole is 

overall reciprocal, linear, and passive.  

Rather than combining two different periodic systems 

with band matching, we explore the problem of unidirectional 

transmission from the Tesla valve concept. 

Tesla proposed an influential unidirectional fluid device 

known as a vascular conduct or a fluidic Tesla valve (FTV).[23] 

Some of the outcomes of the FTV in the various domains 

include thermal management, regulation using the capillary 

structure, and an activated FTV,[24] improving the pressure 

suppression feedback and backflow combustion product,[25] 

microfluidic diodes for turbulence and pulsatile flow 

enhancement,[26,27] micromixer performance enhancement,[28,29] 

proton exchange membrane fuel cell flow field studies,[30] 

dual-mode and dual-target biosensor regulation,[31] liquid 

multistage FTV,[32] Tesla valve (TV) capillary heat dissipation 

channel, and reverse TV channel aimed at mitigating the eddy 

current issue at bends inside the capillary bionic flow 

channel,[33] and improving the efficiency of the heat transfer 

with the TV through multilayer perception models.[34] Notably, 

the valve design involved no moving machinery. However, the 

design of FTVs lacks practical significance due to their 

relatively poor fluid-blocking effect in the reverse direction in 

fluid dynamics.[35] The equivalence between fluid flow and 

EM wave transport can be well understood by the equivalence 

between Maxwell's wave equation and the solution to the 

Navier-Stokes equations.[36] In magnetohydrodynamics, the 

EM fields are modelled as fluids; therefore, a dynamical 

analytical model for the optical Tesla valve (OTV) can be 

implemented for EM wave flow.[37] In this work, we 

demonstrate the OTV for the EM waves. The analytical 

formalism for the EM fluid model was used to explain the 

unidirectional transport of EM waves in the modelled OTV. In 

parallel, extensive studies on electromagnetic interference 

(EMI) shielding[38,39] have focused on broadband suppression 

of unwanted signals, but unlike such isotropic attenuation 

strategies, our OTV design achieves selective, high-contrast 

one-way transmission. The finite element-based numerical 

simulations were carried out to realize the proposed design. 

An experimental analysis was conducted to validate the 

numerical studies at the microwave band. It is worth 

mentioning that unidirectional (asymmetric) transmission can 

be applied for optical isolation; however, they operate through 

different mechanisms. Besides the application for 

unidirectional transmission as isolators, it can also find 

applications in polarization control, directional filtering or 

spatial filtering, and asymmetric light routing. 

 

2. Materials and methods 

2.1 Design and simulation of the PhC based OTV 

The unit-cell of the square-lattice photonic crystal (PhC) was 

designed as shown in Fig. 1(a) with a rod radius ‘r’ of 0.2223a, 

the lattice constant ‘a’ is 1.8 cm. It is evident from the band 

diagram shown in Fig. 1(b) that the band gap spans about ~ 3 

GHz, for the transverse electric (TE) polarization. Utilizing 

the plane-wave expansion method,[40] the band calculations 

were carried out along the irreducible Brillouin zone as shown 

in Fig. 1(a), which is the shaded triangular region that spans 

the line trace along the highest symmetry points Г-M-K-Г. 

These highest symmetry points were chosen due to the 

geometrical isotropy presented in the unit cell of the designed 

PhC. The rod is assigned with alumina (Al2O3) ( 𝜀𝑟 = 9.39, 𝜇𝑟 

= 1) for numerical calculations. It is well known that the 

bandgap can be scaled to the desired frequency range 

according to the required applications by varying the PhC 

rod’s radius, lattice parameter, and refractive index.[41] 

 

 

Fig. 1: Unit-cell and band map. (a) The designed PhC unit-cell 

with radius (r) = 3.8 mm. (b) Band diagram of the designed PhC 

array. 

 

The line defect was created to demonstrate the perfect 

reciprocal effect in the linear waveguide design in the 

bandgap region, as shown in Fig. 2. As expected, the linear 

PhC waveguide has no interference effect to stop the reverse 

transmission. In contrast, the designed OTV in Fig. 3 has a 

stopping impact due to its geometrical design, and the 

underpinned principles were further discussed. 
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Fig. 2: Illustration of the linear PhC waveguide stopping factor (SF), the insert shows the zE component of the incident electric field. 

The definition of SF is given in Eq. (1) in the following. 

 

 
Fig. 3: OTV design and optimization. (a) OTV with two optical resonators and a linear PhC waveguide with waveguide length ‘l’, 

radius of the rod ‘r’ of 3.8 mm, and lattice constant ‘a’ of 1.8 cm. (b) The color map shows the variation of the SF with the varying 

‘l’. (Colorbar shows the electric field -z component Ez). 

 

As mentioned, the designed OTV is an inspiration from 

the conventional FTV, where the fluid flow is stopped in the 

reverse direction without any physically moving mechanical 

parts, and only allows the forward flow. This inspiration is 

intuitively matched with the optical wave control and gives 

rise to a novel OTV. The design for the FTV is not limited to 

the proposed design of OTVs; it could open up a new 

mechanism in the domain of unidirectional transport of EM 

waves, acoustic waves, pressure waves, soliton waves, and so 

on. 

The OTV using a square-lattice PhC was designed by 

removing some rods in a PhC, as shown in Fig. 3, solely 

inspired by the design requirements of the FTV.[23] The 

modelled OTV has three major segments, as shown in Fig. 3(a), 

including two optical circular waveguide cavities 

interconnected with a linear PhC waveguide. The core idea of 

the inclusion of the optical circular waveguide cavity in the 

design is to establish the interference effect, which supports 

the forward flow and blocks the reverse flow. The added linear 

PhC waveguide connecting two optical circular waveguide 

cavities is to feed the constructively interfered wave into the 

second optical circular waveguide cavity to establish another 

round of optical interference. The same criterion is applicable 

for the reverse flow, except that destructive interference exists 

rather than constructive interference to prohibit the reverse 

flow. The length of the linear waveguide was optimized to 

achieve the required blocking effect, as shown in Fig. 3(b). 

Furthermore, to establish this blocking effect, the forward 

propagation and the reverse blocking are shown in Fig. 4. It is 
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evident from Fig. 4 that the normalized value at 5.279 GHz 

shows maximum field intensity (|E|2 (V/m)2) for forward 

operation and nearly zero for reverse blocking. 

 

 

Fig. 4: Illustration of the normalized |E|2 for forward flow and 

reverse blocking effect arising from the designed OTV. 

 

Furthermore, the optical SF was calculated using Eq. (1) 

𝑆𝑡𝑜𝑝𝑝𝑖𝑛𝑔 𝐹𝑎𝑐𝑡𝑜𝑟 = 10log
10

(
|𝐸𝑅𝑒𝑣|2

|𝐸𝐹𝑜𝑟|2
) (1) 

where |𝐸𝑅𝑒𝑣|2  and |𝐸𝐹𝑜𝑟|2  are the electric field intensities 

detected at the output port for the reverse- and forward-

direction transmissions, respectively. Note that for the 

forward-direction transmission, the right-hand side is the 

output port, while for the reverse-direction transmission, the 

left-hand side is the output port. Here we suppose the 

intensities of the input EM for both forward- and reverse-

direction transmissions are the same. Moreover, the phase of 

the input EM wave for the forward and backwards incidence 

cases must be the same. 

It is evident from Fig. 3(b) that the maximum SF can be 

obtained for the linear waveguide with a length of 3a. Using 

this obtained optimum length of the linear waveguide 

connecting both the optical rings effectively increases the SF 

and the corresponding z-component electric field profile, as 

shown in Figs. 5(a & b). It is worth noting that the input port 

is set 20 V/m in Ez for both the forward and reverse 

configurations operating at 5.279 GHz, where the SF was 

47.249dB, which is relatively high compared to the linear 

waveguide as shown in Fig. 5(c), and most of the conventional 

PhC and other optical isolators as shown in Table 1. It is 

essential to note that the positive value for the SF is not typical 

in conventional FTV. In contrast, in the case of OTV, it is 

evident from Fig. 5(c) that some resonance peaks show 

positive and some show negative values for the SF. This effect 

is solely due to the interference of the EM waves. 

To further evaluate the OTV performance at non-resonant 

frequencies, and to clarify that the reverse excitation strength 

is not inherently different (a misconception that may arise 

when observing at resonance frequencies), we focus on the 

regime where the SF approaches zero, indicating reciprocal 

behavior. As shown in Fig. 5(c), the SF remains nearly zero in 

the range 5.40–5.47 GHz. For illustration, 5.438 GHz is 

selected, and the corresponding electric field maps in Fig. 6 

clearly confirm reciprocal behavior under a 20 V/m input for 

both forward and reverse excitations. 

 

 
Fig. 5: Ez distribution of the designed OTV in (a) the forward and (b) the reverse operation at 5.279 GHz. (c) Illustration of the SF 

of the designed OTV. 

https://www.espublisher.com/


Engineered Science                                                                                                                                                                                Research article 

 

Engineered Science Publisher                                                                                                                                    Eng. Sci., 2025, 38,1869 | 5  

Table 1: Comparison of the various optical isolators with the proposed unidirectional OTV. 

Platform /Material used Stopping factor (dB) Applied Magnetic/ Electric Bias Ref 

Silicon 10 No [42] 

Bismuth iron garnet PhC 25  No [43] 

Lithium niobate 25 Electric bias [44] 

Yttrium iron garnet PhC 29 Magnetic bias [45] 

Silicon nitride PhC 28 Magnetic bias [46] 

Silicon nitride platform 32 Magnetic bias [47] 

Silicon 32 Electrical bias [48] 

Silicon 24.5 No [49] 

Alumina PhC 47.2 No This work 

 

 
Fig. 6: Distribution of the designed OTV in (a) the forward and (b) the reverse operation at 5.438 GHz. 

 

It is worth noting that the OTV structure shown in Figs. 3 & 5 

have asymmetry in the horizontal direction: the left-hand-side 

port waveguide is between the two cavities, while the right-

hand-side waveguide is on top of the two cavities. Such an 

arrangement is beneficial for coupling waves from the left-

side source to the upper and lower cavities. At the same time, 

it is unfavorable for coupling waves from the right-side source 

to the lower cavity, as the lower cavity is farther from the 

right-side source. This contributes to the asymmetrical 

transmission of photons in the OTV. Furthermore, the left-side 

waveguide length is 4a, while the right-side waveguide length 

is 3a. As a result, the left source can couple into the left 

waveguide in forward transmission more efficiently than the 

proper source coupling to the right waveguide in reverse 

transmission. The reason is that the right waveguide of length 

3a is equivalent to a transmission line of length 3λ/4, whose 

equivalent impedance is the impedance 𝑍𝑤 of the waveguide, 

which doesn’t match with the impedance of free space, and 

thus the coupling of the right-side source to the waveguide is 

weak, while the left waveguide of 4a is equivalent to a 

transmission line of length λ=4a, with the load impedance and 

input impedance being the same as the free-space impedance 

𝑍0, leading to an approximately perfect match between the left 

open space and the left-side waveguide and thus strong 

coupling of the left-side source into the left waveguide. 

Therefore, the proposed structure can work as a unidirectional 

transmission OTV properly. This impedance matching theory 

can also explain the existence of negative SF at some 

frequencies, which corresponds to strong coupling of the right-

side source into the OTV and weak coupling of the left-side 

source into the OTV. 

From another perspective, the observed difference in 

coupling efficiency between the left source and the left 

waveguide in forward transmission originates from the broken 

spatial inversion symmetry of the OTV. Through careful 

design of the OTV, a geometrically asymmetric potential 

landscape is created, which modifies the overlap integral 

between the source field and the eigenmodes of the line-defect 

channel in a direction-dependent manner. 

In the case of forward excitation, the left source couples 

more efficiently into the left waveguide because the local field 

distribution of the defect mode is well aligned with both the 

phase and polarization of the source field. The spatial mode 

profile of the defect supports constructive interference in this 

direction, thereby maximizing the overlap and enhancing the 

coupling efficiency. Conversely, under backward excitation, 
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the phase relation between the source field and the defect 

mode gives rise to destructive interference, which strongly 

suppresses the coupling efficiency. This mechanism is further 

corroborated by the apparent time-reversal symmetry breaking 

induced by spatial inversion symmetry breaking, as shown in 

Fig. S1, as detailed in Supporting Information file. 

From a further point of view, it is well-suited to compare 

the OTV with the transformational optical (TO) system,[50] 

which is engineered by continuously varying the spatial 

dielectric profile. This gradient effective relative permittivity 

of the TO medium plays a crucial role in wave propagation. 

When the impedance of the wave and the TO system's 

boundary match, the wave is allowed to pass smoothly through 

the medium without reflection. Conversely, an impedance 

mismatch forbids wave transmission in the opposite direction. 

Similarly, the OTV can be interpreted as an effective TO 

medium. For forward incidence, the structure configuration of 

the PhC provides an effective impedance profile that is well-

suited for the incoming wave to transmit. On the other hand, 

for the reverse incidence, the effective impedance of the 

system becomes mismatched, thereby restricting its 

propagation. 

All the simulations carried out in this work were done by 

the Finite-Element-Method (FEM) based COMSOL 

Multiphysics Full-wave electromagnetic solver using RF 

Module.[51] The entire computation domain is assigned the 

scattering boundary condition, also known as low-reflecting 

boundary conditions, which provides zero reflection of 

normal-incidence scattered waves or any other normal-

incidence wave, assuming the boundary wall is treated as 

having zero electric field.  

 

2.2 Experimental setup for the designed PhC-based OTV 

The experimental demonstration of the designed OTV was 

carried out using Alumina (99% pure Al2O3) rods with a 

refractive index of 𝜀𝑟 = 9.3987 + 0.0462𝑖  (𝜀𝑟for the rod was 

calculated using the cavity perturbation technique[51] using a 

vector network analyzer (VNA)). The experimental setup is 

shown in Fig. 7(a), where the rods with height h = 4 cm were 

arranged with a periodicity 0.223a, with the top and bottom of  

 

 
Fig. 7: Experimental setup illustration. (a) Fabricated OTV and (b) the corresponding SF profile. 

 

 
Fig. 8: Additional design. (a) Designed OTV with two circular optical rings. (b) SF for the design shown in 8(a). Electric field z 

component for (c) forward propagation and (d) reverse blocking. 
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the PhC array covered by copper sheets to mimic the perfect 

electric conductor boundary condition and the 2D domain of 

the simulation. The entire experiment was carried out in an 

anechoic chamber, which mimics the zero-reflection boundary 

condition of the simulation. The input EM waves were 

provided by horn antennas (HD 58HA20). The scattering 

parameters were measured using a VNA (Agilent E8362B). 

Fig. 7(b) presents the simulated and experimental SFs, with 

the structure illustrated in Fig. 3. It is evident from Fig. 7(b) 

that the experimental data and the simulated data exhibit a 

near-perfect match. 

To further demonstrate the design mechanism and its 

validity, a different OTV is designed and studied numerically 

and experimentally, as shown in Fig. 8. It is evident from Fig. 

8(b) that the SF of the designed OTV exhibits a sharp 

resonance, representing its unidirectionality. The mechanism 

behind the emergence of the unidirectionality is similar to the 

design shown in Fig. 3. Figs. 8(c & d) illustrates the forward 

propagation and the reverse blocking of the electric field z 

component. 

 

3. Results and discussion 

3.1 Analogy between EM and hydrodynamics 

Using the momentum density carried by the EM fluid, one can 

derive the fluidic velocity,[52,53] which is indeed analogous to 

the fluidic velocity in an FTV. A detailed derivation for Eq. 

(2) is provided in the Supporting Information file.  

𝑆𝑓 = 𝜀𝐸⃗⃗ × 𝐵⃗⃗ −
1

𝑣2
(

1

2
𝜀𝐸2 +

1

2𝜇
𝐵2) 𝑣⃗ (2) 

In a “rest‐frame” for the EM fluid (i.e. when the net 

momentum density is zero), 𝑆𝑓 = 0. That is, one requires, 

𝜀𝐸⃗⃗ × 𝐵⃗⃗ =
1

𝑣2
(

1

2
𝜀𝐸2 +

1

2𝜇
𝐵2) 𝑣⃗ (3) 

Taking the magnitude of both sides of Eq. (3) and 

assuming that the fields and 𝑣⃗ lie in the same plane, one finds, 

𝜀𝐸⃗⃗ × 𝐵⃗⃗ −
1

𝑣⃗
(

1

2
𝜀𝐸2 +

1

2𝜇
𝐵2) (4) 

Solving Eq. (4) for 𝑣⃗ gives, 

𝑣⃗ =
(

1
2 𝜀𝐸2 +

1
2𝜇 𝐵2)

𝜀𝐸⃗⃗ × 𝐵⃗⃗
 (5) 

This is the velocity of the local EM field (Eq. (5)) of a 

small EM field element in a small area element; however, to 

calculate the velocity of EM flow in a waveguide, it can be 

defined as follows: 

s⃗1 · 𝑣⃗𝑒𝑚𝑓=
∫ (𝑣⃗ · 𝑠1)𝑃⃗⃗ · 𝑑𝑠

𝑆

∫ 𝑃⃗⃗ · 𝑑𝑠
𝑆

 (6) 

where, 𝑣⃗𝑒𝑚𝑓  is the EM fluid velocity, s⃗1  is the unit vector 

normal to the surface S for integration, and 𝑃⃗⃗ =  𝐸⃗⃗ × 𝐵⃗⃗.  

It is worth noting that the velocity defined by Eq. (6) is 

actually the photon-flux-weighted average outflowing 

velocity of the photon stream at the output port surface, 

measured in the direction normal to the output port surface. 

The above (Eq. (6)) emphasizes that the incident EM 

waves can be well treated as an EM fluid flow through the 

waveguide. Using (Eq. (6)), the flow velocity of the EM fluid 

in the structure in Fig. 3(a) is calculated, and the velocity 

stopping factor (VSF) 20 × log10(𝑣𝑟𝑒𝑣𝑒𝑟𝑠𝑒/𝑣𝑓𝑜𝑟𝑤𝑎𝑟𝑑)   is 

illustrated in Fig. 9. It is evident from Figs. 5 & 9 that the SF 

calculated using (Eq. (1)) and (Eq. (6)) is well matched, which 

indicates that the flow of the EM waves inside the designed 

PhC system works like fluid flow in the conventional TV 

system. 

 

 
Fig. 9: Illustration of the VSF of the designed OTV. 

 

3.2 Analogue of OTV with fluidic TV 

According to quantum theory, an EM wave has wave-particle 

duality, i.e., it can also be regarded as a stream of photons.  

It is pivotal to mention that the fluid flow in an FTV is 

well explained with the mass conservation equation and the 

Navier-Stokes equation (Eq. (7 & 8)).  

∇ · 𝑢⃗⃗ = 0 (7) 

∂𝑢⃗⃗

∂t
+ 𝑢⃗⃗ · ∇𝑢⃗⃗ = −

∇𝑃

𝜌
+ 𝑣∇2𝑢⃗⃗ (8) 

where, 𝑢⃗⃗,𝑃,𝜌 and 𝑣 are the fluid velocity, pressure, density, 

and kinematic viscosity, respectively.  

Whereas Maxwell’s wave equation models the flow of EM 

waves or photon flow.  

∇2𝐸⃗⃗ −
𝜀𝜇

𝑐2

∂2𝐸⃗⃗

∂𝑡2
= 0 (9) 

where, ɛ, µ and c are the relative permittivity, relative 

permeability, and the speed of light in vacuum. 

∇ · (𝜀𝐸⃗⃗) = 𝜌 (10) 

where, 𝜌 is the charge density. 
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Analogous to fluid flow, the EM wave transport exhibits 

charge conservation (Eq. (10)). In the classical regime, where 

the number of photons is very high, a quantum description of 

photons is not required, as per the correspondence principle. 

However, for a few photons, treating the EM field as a fluid 

will not be suitable, and quantum OTV will be an interesting 

problem to explore further.  

The fluid flow in an FTV was characterized by specific 

parameters, such as the ratio of forward pressure and reverse 

pressure, which are functions of the fluid velocity 𝑢⃗⃗ as shown 

in Eq. (8). The flow rate is defined as the volume of fluid that 

passes through a particular time interval. In the flow modeling, 

the pressure drops, such as the high pressure drop indicating 

the forward flow and the low pressure drop denoting the 

reverse operation, play a crucial role, as the turbulent flow and 

the laminar flow make a drastic change in the diodicity. 

Whereas in the OTV, the electric field (𝐸⃗⃗) (Eq. (9)) plays the 

role of fluid velocity (𝑢⃗⃗) (Eq. (8)) in the FTV. The difference 

between the output and input electric field intensities for the 

forward and reverse excitations in OTV gives unidirectional 

transmission property. 

 

4. Conclusion 

Combining the wave-particle duality of EM waves in quantum 

theory, along with the unidirectional transportation property 

of FTVs, OTVs made of magnet-free linear dielectric were 

proposed and demonstrated, both numerically and 

experimentally. The realized OTVs have two optical 

waveguide ring resonators attached with linear PhC 

waveguides. In the design, spatial-reversal symmetry is 

broken, which, for an incident photon stream, is apparently 

equivalent to time-reversal symmetry breaking, and is 

responsible for the unidirectional transmission property of the 

proposed OTVs.  

The designed OTV has a maximum SF of 47.249 dB at 

the frequency regime of 5 – 7 GHz. In the classical regime, the 

interacting EM waves in sub-wavelength structures can be 

treated as an EM fluid, allowing us to explain the valve 

operation with the preexisting mechanism of FTVs. The 

numerically designed OTV was experimentally demonstrated 

using Al2O3 rods (99% pure) in an air environment. The 

experiment, as well as the numerical results, yielded a near-

perfect match. The OTV demonstrated apparent non-

reciprocal transport in a linear photonic-crystal-based passive 

structure by harnessing interference between coupled resonant 

modes. The directional response arises purely from structural 

asymmetry, which breaks spatial inversion symmetry and 

tailors the interference of multiple scattering pathways. Using 

only linear, non-magnetic alumina, the device establishes 

robust one-way light transport that can emerge without 

invoking magneto-optical bias, nonlinearity, or temporal 

modulation, highlighting interference engineering as a 

scalable route to broadband optical diodes within standard 

photonic platforms. 

Unlike the conventional Tesla effect in fluid dynamics, 

the transmission-stopping direction of EM waves can be 

different at a different operating frequency with the same OTV 

structure. This intriguing integration of Tesla’s design into the 

PhC waveguide will gain attention in multi-disciplinary wave-

propagation-related domains such as electrodynamics, 

quantum communication, and acoustics. 
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