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Note 1: Derivation process of Eqgs. (5) and (6)
The derivation processes of Egs. (5) and (6) are as follows
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Then the derivative of A¢, with respect to f is given as
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The functional form of A¢, is the same as that of A¢, . Thus, the derivative function of Ag,
can be written by replacing the corresponding symbols in Eq. (S2) as
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Note 2: Derivation process of Ty and 7,
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7, can be written as Ty = 27m§hx / €+, , since @), =2k;hy +¢; . According to Eq. (2)

of the main text, 15}, =75, +thr5ithe™™™ /(1= rie®™") . By incorporating 7, =—r, and
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Since cavity one 1nterferes constructively along the x-polarization dlrectlon, we can get
cos¢, =1 and sing) =0 . By substituting cos¢), and sing), into Eq. (S5), we can get

T, =ry[l=2rm + (s Y1105 =)A= r5im9)] 7, . Then, 7. can be written as
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7, can be written by replacing the corresponding symbols of Eq. (S5):
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Since cavity one interferes destructively along the y-polarization direction, we can get
cos¢, =—1 and sin¢@, =0. By substituting cos¢’, and sin¢’, into Eq. (S7), we can get that
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Note 3: Theoretical calculation of the dispersion relation of the SSP mode supported by

a one-dimensional anisotropic MTM composed of metal/dielectric multilayer
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FIG. S1. Schematic of the one-dimensional anisotropic MTM. The anisotropic MTM is
composed of alternating metal/dielectric multilayer with finite width, 7, surrounded with air.
The thicknesses of metal and dielectric layers are represented by ¢, , and ¢,, respectively, and

the lattice constant along z direction is denoted as P, (=t, +t,). The lattice constant along x

direction is represented by P . In the microwave and terahertz domain, the metal can be
treated as perfect electric conductor.

We firstly write out the EM fields in all the regions except in the metal region:
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where p,, p,' and C, are unsolved coefficients related to mode amplitudes in different
regions.

One can connect Egs. (S9)-(S12) with the Maxwell’s boundary conditions and the periodic
boundary conditions, yielding the following relations
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By eliminating p,, p.' and C, in Eq. (S13), we obtain
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where g=P—-W and A, =kOS§/kxind:



(1) If  A[tan(nk,W [2)—tan(k g/2)]= A, [tan(nk W /2)+tan(k g/2)] ,  then
—n, tan(n kW [2) = (k,/k,)S; tan(k,g/2). By using k, =i\Jk. —k; , the dispersion relation

can be expressed as
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for asymmetrical SSP mode. As g —> +oo, (l—e_“kzz_k‘%g )/(1 + e_“k"z_k”zg) —1, Eq. (S15) will
be reduced to the dispersion relation for the asymmetrical SSP mode.

() If —A[tan(nk W /2)—tan(k g/2)]= A,[tan(n kW [2)+tan(k g/2)] , then
—n, tan(k,g/2) = (k, /k,)S> tan(n,k,W /2) . By using k, =i\/k> =k’ , we can get
T2, wlte K-k n, kW
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for symmetrical SSP mode. As g —> 4o, (1 —e_*/m‘g )/(1+e_mg) —1, Eq. (S16) will be
reduced to the dispersion relation for the symmetrical SSP mode.

The calculated dispersion curves [Fig. S2(a)] and electric field diagrams [Fig. S2(b)]
notably reflect the coupling effect of the SSP modes between the adjacent units. A higher
effective refractive index of the SSP mode could be achieved by tuning the geometrical
parameters of the anisotropic MTM or using a smaller gap separation to enhance the coupling
between the adjacent SSP modes. It should be noted here, despite the great capability of the
asymmetrical SSP mode in tuning the dispersion relation, it is not suitable for the design of
functional devices due to zero coupling with the incident waves.
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FIG. S2. Dispersion curves and field distributions of symmetric and asymmetric SSP modes
of one dimensional anisotropic MTM. (a) Dispersion curves calculated for ¢, =0.04 mm,

t,=02mm, w=6 mm, P=8 mm, and n, =2.07. (b) Distributions of the real part of E_
of symmetric and asymmetric SSP modes for the 1D anisotropic MTM at f; =0.32(c/2W)
and f, =0.92(c/2W), respectively.



Note 4: The broadband QWP in the terahertz regime
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FIG. S3. (a) Transmission amplitudes for the x- and y- polarizations, total transmission
amplitude, and insertion loss versus f . (b) @,, (red) and DoLP (blue) as a function of /.

For the broadband QWP in the terahertz regime, the anisotropic MTM is composed of
Al/GaAs multilayer (ng,,, =3.6). Each Aland GaAs layer is with a thickness of 7, =0.5 um

and ¢, =0.5 pm, respectively. There are 40 pairs of Al/GaAs layers, resulting in a total
thickness of 40 um for the anisotropic MTM (4, =40 pm). The cross-sectional dimension of
the anisotropic MTM is set as Wx =9 pymand Wy =10.8 um, and the lattice constants along
the x- and y- axes are Px= Py =12 pm . The anisotropic MTM is deposited on a semi-infinite
PDFE substrate with the refractive index of n, =1.38.

We designed the structural parameters to make constructive interference for x polarization
and destructive interference for y-polarization encounter at around 1.9 THz. It can be inferred

from the transmission amplitudes in Fig. S3(a) that

5, and‘tlyB‘ reaches the maximum and
minimum values at around 1.9 THz, respectively. The designed QWP can keep the cross-
polarization phase difference, ¢,,, within the range of 90+10° over a wide wavelength band
of 1.51-2.19 THz (dispersionless band), 35.8% with respect to 1.9 THz [Fig. S3(b)]. The total

2

1|+t 2) / 2 ) reaches up to approximately 65% [Fig. S3(a)],
associated with the insertion loss of less than 2.4 dB [Fig. S3(a)], and the DoLP is above 98%

[Fig. S3(b)] in the dispersionless band.
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