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Abstract: Ultra-thin focusing mirror with adjustable focal length has important applications in compact sys-
tems, especially for on-chip terahertz spectroscopy, imaging systems and communication systems. By chan-

ging the geometric size and adjusting the chemical potential, the graphene subwavelength reflective structure
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can achieve a phase of 0~2n. Combined with the above properties and the dynamic stretching of polydi-
methylsiloxane (PDMS) flexible substrate, the ultra-thin terahertz focusing reflector with large dynamic ad-
justment range can be realized. In this paper, a dynamic focusing graphene metasurface focusing reflector
based on flexible substrate with a working frequency of 1.0 THz, a width of 12 mm, a focal length of 60 mm
and a thickness of 75 pm is designed and investigated. Firstly, by adjusting the chemical potential and width
of the graphene unit strips, the reflective phase covers the 0~2m, and the reflective focusing effect can be
achieved according to the predesigned phase spatial distribution. Then, the dynamic adjustment of the focal
length of the reflective mirror can be realized by laterally stretching the flexible substrate. The simulation res-
ults demonstrate that when the length of the flexible substrate varies from 100% to 140%, the focal length of
the reflective mirror increases from 53.4 mm to 112.1 mm, the dynamic focus range can reach 109.7% of the
minimum focal length, and the focus efficiency decreases from 69.7% to 46.8%. In addition, the perform-
ance of the reflective mirror in a wide frequency range has also been investigated, and the simulation results
demonstrate that the good dynamic focusing for incident plane waves in the frequency range of 0.85~1.0 THz

can be achieved. The proposed tunable metasurface design is highly versatile in the development of ultra-

thin, multifunctional and tunable terahertz devices for various applications.

Key words: terahertz; graphene; meta-surface; flexible substrate; dynamic focusing
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Fig. 1 The structure of one unit cell graphene reflective

metasurface
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Fig. 2 Schematic of the dynamic focusing graphene tera-
hertz metasurface focusing on a flexible substrate.
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Tab.1 The design results of structural parameters of graphene terahertz metasurface units for dynamic focusing on

flexible substrates

« W W00 DT DD

w=110 pm w=140 pm w=135 pm
Parameter

u,=1.00eV  u,=035eV  u,=0.14eV
Phase(rad) -3.14 -2.31 -1.50

Reflection 0.93 0.83 0.78

w=75 pm w=20 um w=37 um w=40 um w=85 um
u.=0.13evV 4. =003eV  u,=030eV u.,=045eV  u.,=030eV
—-0.76 0.02 0.74 1.56 2.37
0.77 0.96 0.99 0.85 0.99
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Fig. 3 The design of graphene terahertz metasurface unit structure for dynamic focusing on flexible substrate. (a) and (b) is

the change of the reflection coefficient and phase of the unit structure with the chemical potential x. and width w of

graphene; (c) is the reflection coefficient and phase response of the eight unit structure obtained through optimization

calculation; (d) is a diagram of the relationship between the PDMS substrate lateral distance from the origin and the

phase before and after stretching
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