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Wi i1 Zasth B LT H =M Au 5 GST M4 TZ . STO 4
R, LR TR IR R A YAt IR o R T B GHE x—y P A 2 8 S
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ume 0GR 2 s n B B AMESER, 1 2% UT x Bl (R KSR AT 2%
y BAEAR Y ELAE L Y, GST e aia THREMA . [, STO W= E T &
EAEIE T 77, M Tl i B 5 R I . JURTSHO0E Jy: AP REK Li=62
um. % wi=14 um; FEEMK L=70 um. & wo=12 um; KT HEH i 5 TR B4 S

ML F ke xd 55, KPR 55 i I 2 RS 22 18] (R 5 18] B BE Y g=2 pum.

K1 P KRR 22 2 Thae et (a) s (b) MFALE

Fig. 1. Proposed THz multifunctional device: (a) schematic; (b) top view.
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BEJE S 4y BEPR IR FE T BN AE, H Ok RIUTE:
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y(T)| em™ |==33+0.094T 3)

GST 4 i #0n] F] Drude AR RS IR 24,

Oy

) (4)

g,0(1-itw)

Hr: e NEBNHEEG 6, =8.854x10° F/m AR W o, NE

st =€~

MHESE, ¢ AR TFIBE . ANEMEZST GST i) Drude #HSHE LK 1:

% 1 GST Y Drude # %! 2%
Table 1. Drude Model Parameters of GST

FHAS € Odc (S/m) 7 (ps)
A AHEE) 15.3 0 —
T2 T7 (344 38.2 3.82x10* 1.61
AVIENEAES)) 60.6 2.23x10° 5.29

RICR FI8E R %4y (FDTD) /7, BRI 6 AT i . (i 2
WEWN: P BB z #hior M\ E N BRI, gk T+
y Bh(ED y fmdke, @il 1 FroR). £E x Ay J5 R R IR A, 2 TR E 5
EIULEZ(PML) . APRIETHERS SRS, MRS RS 3E N dx= 1.5 um,

dy=1.5 um, dz=0.03 pm,

3 EPEREKTH
3.1 A2 2% GST N AR 235 EIR 2N
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M GST AT 484345300 K)B, 24 y feIRIE AT, 284N EIR 208,
W 2 fros: ISL/KFRELE 1.65 THz AR TUK H S0 (1) 507 A AR LR, A4
PO IRAS s T EAE AR LB B R B, s IR AOE RS . U E S,
IR O AL R, A IR BIRSE A0 56 1 AR S 1 50T (1.65 THz) UK H B %
TE 82.4%I1AS i T, TR BIR 208 . W EIFT/R, 76 BIR RGTHE 14k, K
SN 82.4%. IEHTHN 1.3%. TR A)HIES R(MM RS ER)HE, R
KAKA=1-T- R, WBCEN 16.3%. AW, SHHHFE T EIF T 2FHI
UL, E 4 IR A TE A 2% U B WA RE 5 AR 21,

Kl 2 ANFEESHERTTH RIS (FED DU G SR E s 5IaE . GEED
Fig. 2. Reflection spectra of different structural units (main figure) and the transmission and

absorption spectra of the combined structure (inset).
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HUE R 73R . M E R S A RER IR, [ Y sm ZUAR AT, Xt N AR
RIS it T AL 0(Q IR T) s AEIR AR R AR AR

2z, WA 3oy, LA TE ELAE A R B R ) f 7 5 . X T
SNGIR AR RES, ML EROR A iR AT R R DR B (R S
BARRAE(R Q BRI T), 78 A

W 3, ARG “n” BRI AT, RN
HIFeR . NI HEREE E e G 218 Q MM, MREITImMEHEER Q
(RIS R, e P R i B I R S, T BOR DU AR 363k o AR X3 98 717
PR IRGBCRZE ] TR T A S A I A E SRS, 2P SR

WARSSRAIE, HRLRE R R TR 7 X, 422K EIR RN

Kl 3 RNESEHICTE 1.65 THz AR I RRIE A (a) VIR (b) (A,
(c) AELEH
Fig. 3. Electric field distributions at 1.65 THz: (a) bright mode only; (b) dark mode only;

(c) combined structure.
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Kl 4 BEAIRZEGIN, EIR BRI 07 E A (a—(e): X MUA I (H—()
Fig. 4. Simulated reflection spectra of the EIR metamaterial with increasing temperature(a)-(e);

corresponding fitted reflection spectra(f)-(j).
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Fig. 5. Variation of fitting parameters with temperature.
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Ko BEEIRZ IR, HERmMEERMAE (a—(): HELE H—()
Fig. 6. (a)-(e) Transmission phase shift and (f)-(j) group delay of the metamaterial with

increasing temperature.
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S

FOM = (12)
FWHM
THEAH, ATAER FOM {41 0.945 RIU .
2 5L IR L
Table 2. Comparison with recently reported sensing metasurfaces

25 3R TAESB RBJE

[35] 1.0-1.7 THz 0.12 THz/RIU

[36] 1.03-2.38 THz 0.18 THz/RIU

[37] 0.4-1.0 THz 0.2 THz/RIU
This work 1.2-2.0 THz 0.208 THz/RIU

BEAL, ASGEWEF 7RSS N a S EE, i 7(0) Frs. BEE NS
RISE R, SO B AR IS IR AL R ARAF A, R ITZ AR KA BER S R4 1Y
BRI A, DTEDHT Tz HEA R R IRC NI R S . a5 A A
SHCH I y B RIR(O0°), A REA RO AR & . Wl 7(c) s, B
AR AW 2 900, y 7 BRI EIZ > RN, R E TS, EIR 2

7EIR S ERES BRI (a) MBETHE n: (b)) AFA: (o)ffk A
Fig. 7. Dependence of EIR reflection spectra on: (a) medium refractive index n; (b) incident

angle; (c) polarization angle
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HL G A T B 5 N RRE s 5 SO R [N TR . HETI I T R A
Mo, PRWTE ARG, 3 EIR URIE %

anlEl 8 o, JR EIR SR Ab i) B 3 N 2125 1 82% K% 2 8%, EIR
RATE E A, SEBOETFE. e PP A A R A R I PR IR A, 51N
IRFE(MD)EATRAE, HHE SUNP:

R —R

MD = L x100% (13)

a

Horfr, R AR, 0GR GST b TAGEMEEmSN, S FAE IR LR
A SR o TERAR I, SETF SR AT HIER EE AT LLIE S 90%, F& I HS I8 5 ) 1 1)Ky

.

Kl 8 GST & @A GG T i

Fig. 8. Reflection spectra of GST in metallic and insulating states.
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PRSL R AT e G e B, BB R GUR S BRI, SRR I A B I8
BEHIRFIE o HKHE 3 dB IR BIE PRI, ot vEik 0.22 THz, fERH Th O iR A,
RN 8% JEW AT R B (SF) & X N % 3dB 5 8 dB % 2 b1,
ST NI T B B L R I BEUS AR AL . AEA LA, THEAS RN SF Y 2.93. [F]
I, STO X Jmy s FE A B A R %A E FH B 2 2R 28, A 3R 30 H D0 e il B2 T R«
Wk o), FELAEREEVE P, BB R IR R AR o JE— 2B iR
W, RS RE Ly, WTSRBUR AT O R RS, LA 9(c). LS,

2 BH IR B A R R (R B R T BRI R AL T WA, LI 9(d)-

K9 &R GST KAHE: (a)5 CRM UG KL (b)—(d) BZEZL: (b) B, (o) Ly
(DN BT FE n
Fig. 9. Reflection spectra of metallic GST: (a) CRM fitting; dependence on (b) temperature,

(c) L1, and (d) medium refractive index n.
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i 5 RS AR B 2 T AR IR X LE, RTCLE G, A TR 2 T

REVIHL AL B I B b B RH RIFHIZRE S . BARMIELRLSE RN 3 Fir.
3 5RO P REXS B

Table 3. Performance comparison with similar terahertz metasurfaces

S ik VIETERE IR FEAEIR ThedE s
[42] / 87.7% 2.7 ps EIT JF %184
[43] / 77% 4.6 ps EIT R R$%
[44] 0.88-1.01 THz  74.7% 1.47 ps EIT JFo6. TAEB B
[45] 0.74-0.82 THz / >1 ps EIT AR B i i
ATAE 1.43-1.79 THz 90% 5.25 ps EIT J2¢. TAEW B,
JEB AT RE V)

BeJr s DA YT B N ] o iz a5/ i il 2% ATk, Gl 10 o &
g6, AMADEZI. PO L2 & i T2 STO 45#; fELAEA E, #i]% GST 45

R BN EEZ: BE)E, XEREET 252, [RRE L.

10 ZfH AR &

Fig. 10. Schematic diagram of the device fabrication process.
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Multifunctional terahertz metasurface with tunable

slow-light and switchable filtering functions

QU Zuotong  HAN Yining WANG Chu ZHAO Jianxing" ZHOU Yao

ZHOU Jianhong

(School of Optoelectronic Engineering, Changchun University of Science and Technology,

Changchun 130022, China)

Abstract Terahertz (THz) waves, occupying the frequency range of 0.1 to 10.0

THz, hold great potential for sensing and communication, as well as on-chip

manipulation. However, the weak response of natural materials to THz waves

fundamentally limits the development of high-performance THz devices.

Metamaterials and their two-dimensional counterparts, metasurfaces, offer a

promising route to enhance and manipulate THz waves. Nevertheless, most existing

THz devices support only single functions, such as frequency tuning or amplitude

modulation, making them difficult to adapt to diverse application scenarios. In

contrast, multifunctional integrated THz devices that address complex real-world

needs have attracted growing research interest. Ge.Sb.Tes (GST) is a non-volatile

phase-change material that reversibly switches between phases under optical,

electrical, or thermal stimulation. SrTiOs (STO) is a temperature-sensitive dielectric

material; its permittivity varies with temperature. allowing modulation of the local

electromagnetic environment. To realize a switchable multifunctional THz device, we

propose a metasurface integrating GST and STO. The structure consists of a polymer

substrate, an STO dielectric layer, and a gold film etched with n-shaped slot structures

filled with GST. When GST is in different states, the metasurface achieves tunable

20



slow-light and switchable filtering functions. When GST is in its insulating state, the
coupling between bright and dark modes produces an electromagnetically induced

reflection (EIR)-like effect. Based on a coupled harmonic oscillator model, the tuning

mechanism is elucidated: temperature variation modulates the STO permittivity,

thereby altering the effective refractive index of the medium surrounding the dark

mode, and thus moves the resonance frequency. As a result, both the FEIR reflection

window and the slow-light effect are tunable across 1.43—1.79 THz, with a maximum

group delay of 5.25 ps. When GST switches to the metallic phase, the system

transitions to a dipole resonance mode, and the functionality shifts to an optical switch

and stopband filter. The optical switch achieves a modulation depth of 90%. while the

stopband filter exhibits a 3 dB bandwidth of 0.22 THz and maintains high thermal

stability over the operating temperature range. Furthermore, we explore its

refractive-index sensing potential and analyze the impacts of structural parameter

variations on the device performance. The proposed design shows strong potential for

optical buffering, optical switching, and signal processing applications.

Keywords: metasurface, terahertz, tunable slow light, switchable filtering
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