
JOURNAL OF ELECTRONIC SCIENCE AND TECHNOLOGY, VOL. 13, NO. 2, JUNE 2015 122 

 
Abstract⎯The influence of air gaps on the response 

of transmission for a transverse-electric mode 
parallel-plate waveguide (TE-PPWG) with a single 
cavity and double cavities has been studied 
experimentally. As the air gap is larger than the 
resonant wavelength of high order cavity mode in the 
single deep grooved waveguide, only the fundamental 
cavity mode can be excited and single resonance can be 
observed in the transmission spectrum. Based on above 
observations, a tunable multiband terahertz (THz) 
notch filter has been proposed and the variation of air 
gap has turned out to be an effective method to select 
the band number. Experimental data and simulated 
results verify this band number tunability. This 
mechanical control mechanism for electromagnetic 
induced transparency (EIT) will open a door to design 
the tunable THz devices. 

  
Index Terms⎯Electromagnetic induced transparency, 

metal parallel plate waveguide, terahertz filter. 
  

1. Introduction 
The parallel-plate waveguide (PPWG) is a simple 

structure in the THz range which is well understood in 
classical waveguide theory and is widely employed due to 
its low loss and low dispersion characteristics[1]. Owing to 
the fact that waveguides have the ability to confine 
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radiation, they can be employed in conjunction with 
resonant structures, resulting in unique spectral resonant 
features, which opens up PPWG to a myriad of sensing and 
filtering applications. There have been several designs that 
employed resonant structures embedded within PPWGs 
such as Bragg gratings, photonic band gap, and resonant 
groove(s) structures[2]–[10]. Recently, a single rectangular 
cavity incorporated into a transverse-electric mode PPWG 
(TE-PPWG) has been demonstrated as a notch filter with a 
very narrow line width[11]. The PPWG with a single cavity 
has also been found to be a strong and high Q resonant 
system in which the electromagnetic induced transparency 
(EIT) phenomenon will appear. Astley et al. has 
characterized the single cavity waveguide resonant 
structure and also analyzed the origin of the resonant 
behavior and its dependence on geometric factors[12]. As the 
groove grows deeper (i.e. depth increases), this dip shifts to 
lower frequencies. However, there are still some key 
aspects of the single grooved TE-PPWG performance that 
has not been sufficiently studied. It should be noted that the 
grooved PPWG structures are analogous to plasmonic stub 
metal-insulator-metal (MIM) structures in the visible 
region[13]–[16]. The stub structure also plays an important 
role in filtering proposals but lacks the experimental 
support. Then we reported an observation of an EIT-like 
phenomenon in THz PPWG double cavities systems and 
analyzed the relation between the off-position of the 
cavities and the transmission properties. We also found that 
two detuned resonances could be varied by choosing 
different shifting length between double cavities. This 
means that the phase shift of the propagating wave between 
two resonances may be another important factor for the 
realization of EIT. The proposed system has the following 
features: First, since the most popular metals are seen as 
perfect conductors due to their extremely large conductivity 
in the THz region, the realization of THz EIT-like response 
in PPWG-cavities systems is not plasmonically induced. 
Second, the double cavities have identical geometry, 
therefore, the detuning of resonant frequencies does not 
arise from the different geometrical parameters of two 
cavities. We also found the EIT-like transmission presented 
here resulted from the resonances hybridization induced by 
the change of coupling strength of the top and bottom 
cavities[17]. 
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experimental results agree well with the numerical results 
in Fig. 8 and the deviation is probably caused by the 
fabrication imperfections of the sample, which introduce 
further asymmetry and rearrangement of some resonant 
frequencies. For a complete picture of resonant frequencies 
change, several calculations were performed with the 
variation of the shifting length from 0 μm to 450 μm. The 
detuning |ω1−ω2| (ω1 and ω2 are low and high resonant 
frequencies, respectively) decreases and the transparency 
window narrows down with the increase of the shifting 
length L.  

 
Fig. 8. Fourier-transformed intensity of the THz wave forms with 
different L (solid line: simulated, dash line & dots: experimental): 
(a) L=0 μm, (b) L=100 μm, (c) L=200 μm, and (d) L=300 μm. 

This EIT-like transmission can also be explained by 
analogy to the coupling of bright modes and dark modes. 
When the bottom cavity is set symmetrically to the top one, 
only one resonant dip, which corresponds to the two bright 
modes (each of them has the same resonant frequency), can 
be excited in both cavities simultaneously. In this condition, 
the dark modes cannot be excited. When the bottom cavity 
is shifted backward from the symmetric position, due to the 
identical geometry of the two cavities, the incident wave 
first arrives at the top cavity and couples with it. The 
shifted bottom cavity can hardly be interacted directly with 
the incident wave any more but can couple with the top 
cavity. In other words, the top cavity acts as the “radiative” 
resonator (a bright mode) that is coupled to a “bus” 
waveguide; the bottom cavity acts as the “sub-radiant” 
resonator (a quasi-dark mode, induced by the shifting 
length of two cavities) that cannot be coupled to the “bus” 
waveguide. This physical picture is similar to the unit cell 
(consists of an upper gold strip as a bright mode, a pair of 
lower gold strips as a dark mode, and a dielectric spacer) 
Then this EIT-like transmission can also be seen as the 
coupling between bright modes and quasi-dark modes when 
the symmetry is broken. 

Besides, the influence of the length of the top and 
bottom plates d was also investigated[20]. Four different 

waveguide spacings with d=610 μm, 670 μm, 740 μm, and 
780 μm, were used to study the characteristics of the EIT. 
Fig. 9 shows the experimental (dots) and simulation (black 
lines) power transmissions by comparing the spectra of the 
propagated pulses with and without the cavities. The metal 
is set as a perfect electrical conductor in the simulation due 
to the disregard for the attenuation loss of the metal in the 
THz range. At least three more observations may be 
inferred by looking at Fig. 9: i) Fig. 9 exhibits a complete 
loss of spectral power up to the cutoff frequencies of 0.244 

THz, 0.236 THz, 0.202 THz, and 0.192 THz, corresponding 
to d=610 μm, 670 μm, 740 μm, and 780 μm, respectively. ii) 
The transmission shows strong EIT effect, when d is 
increased from 610 μm to 780 μm, the low asymmetric 
resonances shows red-shift. The asymmetric resonant 
frequencies for d=610 μm, 670 μm, 740 μm, and 780 μm are 
0.395 THz, 0.379 THz, 0.354 THz, and 0.338 THz, 
respectively. This red-shift of high symmetric resonances 
can also be found for d=610 μm and 670 μm, where the 
resonant frequencies are 0.456 THz and 0.446 THz, 
respectively. iii) As d is increased to 740 μm, the main 
symmetric resonances is degenerated in Fig.9 (c). This 
effect can also be found when d is equal to 780 μm. The 
measured and simulated results show good agreements. The 
deviation of experimental and numerical results is probably 
caused by the imperfections in the fabrication in real 
structures, which introduces further rearrangement of 
resonant frequencies. 

 
Fig. 9. Measured THz spectra with various air gaps (solid line: 
simulated, dots: experimental): (a) d=610 μm, (b) d=670 μm, (c) 
d=740 μm, and (d) d=780 μm. 

Firstly, as mentioned above in the experiment, when the 
waveguide spacing d decreases (1/d increases), the resonant 
frequencies of both symmetric and asymmetric resonances 
show red-shift. This red-shift effect is similar to the result 
of the PPWG with a single cavity for both TE[12] and TM[10] 

polarizations. The resonant frequency can be expressed 
as[10] 
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