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Dear editor,
With effective controllability on the asymptotic
frequency, mimicking surface plasmon polaritons
(MSPPs) device can perfectly confine electromagnetic (EM) field in subwavelength scale with high
intensity from microwave to optical frequencies [1–
4]. So, it can meet the pursuit for future terahertz miniaturized components and highly integrated circuits, which has potential application in
subwavelength optics, data storage, light generation, microscopy and bio-photonics [5]. In this letter, a compact plane ultra-broad bandpass terahertz (THz) filter with annular grooves structure
is presented. Comparing with the conventional
rectangle grooves structure [6], better field confinement and a decrease in transverse size of 39.8%
have been achieved. It is significant for the miniaturization of the integrated devices.
Proposed THz filter with planar annular grooves
structure. As illustrated in Figure 1(a), the proposed filter is structured by three layers: two
0.1 µm thick gold films sandwich a Rogers dielectric layer with thick of 5 µm. On the top metal
film of the filter, it consists of three parts along
the transmission direction, Part 1 (Figure 1(b))
and Part 2 (Figure 1(c)) symmetrically lying at
the input and output ends are the coupling transition regions. The circle and slot line in Part 1 can
match with the metal strip on the opposite face

of the filter for EM energy input and output with
l1 =126 µm, w1 =3 µm, r=20 µm [7]. Gradually
changed slotline and annular grooves in Part 2 act
as transition region to improve impedance matching with the following uniform annular grooves
transmission region in Part 3, with l2 = 110 µm,
w2 = 13 µm, h1 = 4 µm, h2 = 0.2 µm, h3 =
0.7 µm, r2 = 15 µm, r21 = 6 µm, r3 = 17 µm,
r31 = 8 µm. For Part 3, the period p is set as
50 µm, w = 10 µm, wg = 15 µm, ha = 40.6 µm,
r = 20 µm, r1 = 11 µm, wa = 131.2 µm,
t = 2 µm, L = 1472 µm, a = 100 µm, b = 10 µm,
wb = 110 µm. The field distribution of the proposed annular filter at 0.4 THz is shown in Figure
1(e) with good field confinement.
The bulk width of the structure and the radius
of the annular groove have important effect on the
transmission property of the filter. The dispersion
curves in Figure S1(a) and S1(b) show increasing groove height ha and the outer or inner radius of annular groove (r and r1 ) will bring more
deviation of the dispersion curves from light line,
which induces a lower asymptotic frequency also
better field confinement. According to the electric
current distribution along the annular grooves as
shown in Figure 1(f), it can be seen the current is
concent rated and propagating along the grooves
edge mainly, so the resonant frequency relating to
the current path length of the annular grooves
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Figure 1 (Color online) (a) Structure of the ultra-band filter with transition section, the structure portrayed with dotted
line are the input and output metal strip on the lower metal film; (b) detailed structure for the energy couple; (c) detailed
structure for transition section; (d) the unit of transmission part; (e) E-field distribution along the transmission direction
at 0.4 THz; (f) current distribution on the filter; (g) the simulated S parameters of the annual structure filter.

geometry can also be obtained based on cavity theory [8]:
fm =

(2m − 1)
(2m − 1)
v≈
c,
√
4l
4l ǫr

(1)

where fm is the resonant frequency of the mth order cavity mode, l = h + πr + πr1 is the cavity
length. For the fundamental mode, the calculated
resonant frequency is in close agreement with the
asymptotic frequency of the dispersion curves as
shown in Figure S1.
Compare the dispersion curves between the traditional rectangular grooves structure and annular grooves structure in Figure S2(a), it can be
seen that to obtain the same asymptotic frequency
0.59 THz, the groove height of the proposed annular grooves structure is 40.6 µm, there is a decrease of 39.8% than 84 µm of the rectangular
grooves structure, indicating a better compact capability and EM field confinement of the proposed
annular grooves structure. The same results can

be obtained with expression (1), because there is
a longer current path length for annular grooves
with the same ha . The propagation length of the
confined field for the proposed structure can reach
max value of 23 times that of wavelength, and will
decrease with the increasing of the frequency as
illustrated in Figure S2(b). This is because for
the same structure parameters, with increasing of
frequency, a stronger field confinement will bring
stronger interaction of the EM field with metal
and leading to increasing Ohmic loss till reach the
resonance frequency, then the energy propagation
stopped. But generally, comparing with the traditional rectangle grooves structure, the propagation length of proposed annular grooves structure
is much longer due to a relatively better field confinement. So it is a very compact structure for
potential THz integration application.
The S-parameters calculated by the finite difference time domain (FDTD) simulation method
are given in Figure 1(g). It can be seen the value
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of transmission coefficients (S21) in the frequency
range from 0.15 to 0.59 THz are larger than −3 dB,
otherwise decay rapidly. And in center frequency
(f =0.37 THz), the transmission coefficient reaches
−0.2 dB, showing excellent bandpass filter characteristic. As for reflection coefficients (S11), it is
less than −10 dB in the bandpass frequency range
from 0.25 to 0.6 THz, indicating a good impedance
match of the transition region in Part 2 and periodic uniform annular units in Part 3 of the filter
structure, also efficient coupling in Part 1.
Measurement result. By scaling up 100 times
the size, the proposed filter can work on millimeter wave. The sample for measurement illustrated in the insert of Figure S3 is fabricated on
a commercial printed circuit board (PCB), with
Rogers 5880 as substrate, whose thickness is 0.508
mm and relative dielectric constant is 2.2, metal
films are copper with electrical conductivity of
5.96×107 S/m and thickness of 0.035 mm. Agilent
N5230A (10 MHz−20 GHz) VNA is used to measure the transmission and reflection coefficients,
the results are shown in Figure S3 with the dotted
lines, they are agreement well with the simulation
results (real lines) providing broad passband frequency from 1.6 GHz to 6.4 GHz, S21 is higher
than −3 dB and reach −0.5 dB in center frequency
4 GHz.
Conclusion. This letter presents a kind of
ultra-wide bandpass plan THz filter with annular grooves units based on MSPPs, which implements a lower propagation loss and longer propagation length compared with conventional rectangle structure. A decrease of transverse size of
39.8% is achieved which has significant application
in THz compact function devices and integrated
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circuit.
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