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Fig. 2. (a) Near-field coupling weight; (b) graphene dispersion curves.
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Fig. 3. (a) Schematic diagram of simulation of graphene disk; (b),
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Fig. 4. THz near-field imaging of graphene disk: (a) AFM topography of graphene disk; (b)—(d) THz near-field imaging of graphene

disk with 1%, 224/ 34 harmonics.
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e, AT RAA IR I T MRS s & K, SRR

3PS AET LA Sommerfeld P 23 G3H K 1]
4%, I B T BB (55 & Im 2 kG5
WRET Ui 2, TERER 1 k(55 R e
%, FERES 2 Kb E S PIANIOR B R E 22
t1 = L(1—sin0)/c, Horp L RBE K, 0 W A4t
1, coMILA TR, RILBEE LA K, ¢k,
P B S BB W TF. I kS S & i ES
W BT Rk MERE, TR T 255, tHEEE
WHAE2E K to = 2L /c, ILREE L IR, toth i
K, HXKAESZH . IWE 5(b) i LAFF], KA
R BEHE B 22 AR T, SO BT 3 A s ok
WA T, i ELARME FHECE 7 5 T BR AR T 1 5%
M. Sk T G R X A I T, Moon 45 3031
T TRF 4 mm WEKEE LUK 22 90K 5%
PIBFSY, KRR AR5 S Lk wp {5 5 ZE R L T
DIARZE 5 5 FF, vl LA BRIl B — A Bk {5 5 10
17 FFT, 138 03 ik 22 245 1 2/,
FAMERERE R, BARE 5 P E T 2K
FEBRE T ok, (A2 598l A 80 pm
PREF (R i AT 25 IR K. PR Ry SIEBm ol FH B 4
EFr A 4R R, MR AR TR AR SR R T AT
T 19320 3 XA [ 4 B R A B TS iR 3 7 7
DR, O EARIINIA 6(c), TEIK 5(c) 7 B R LAl
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Fig. 5. Simulation results of tips of different length: (a) Time domain signal; (b) frequency domain signal; (c) schematic diagram of

simulation.
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Fig. 6. Simulation results of tips of different cantilever length: (a) Time domain signal; (b) frequency domain signal; (c) schematic

diagram of simulation; (d) time domain signal of long cantilever tip; (e) frequency domain signal of long cantilever tip.
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SPECIAL TOPIC—Terahertz biophysics

Tip-sample interactions in terahertz scattering scanning near-
field optical microscopy and its influences”
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Abstract

Terahertz scattering scanning near-field optical microscopy (s-SNOM), as an important means to break
through the limits of conventional optical diffraction, can achieve super-resolution imaging on a nanoscale and
has a wide range of applications in biological nano-imaging, terahertz nano-spectroscopy, nanomaterials
imaging, and the study of polarized excitations. As an important component of the terahertz s-SNOM, the
atomic force microscope tip plays a key role in implementing the near-field excitation, detection, and
enhancement. However, the tip-sample interaction can greatly affect the results. In this paper, the effects of tip-
sample interaction on near-field excitation, near-field detection, and terahertz near-field spectrum in terahertz
s-SNOM are revealed through simulations and experiments. First, the wave vector coupling weight of the near
field excited by the tip is investigated, and it is found that the wave vector is concentrated mainly on the order
of 10° cm !, which differs from that of the general terahertz excitations by 2 to 3 orders of magnitude, indicating
that the terahertz near field is difficult to excite terahertz excitations. Secondly, through theoretical and
experimental studies, it is found that the metal tip interferes with the surface near-field of the graphene disk
structure, which indicates the limitations of the terahertz s-SNOM in probing the near-field distribution of the
structure. Finally, the influence of the tip on the near-field spectrum is studied. It is found that the tip length
and cantilever length are important parameters affecting the near-field spectrum, and the influence of the tip on

the near-field spectrum can be reduced by increasing the tip length or cantilever length.

Keywords: tip-sample interactions, terahertz near-field spectrum
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