
We propose and demonstrate a novel near-field probe, resonant at 

terahertz (THz) frequencies. The probe is a conical metallic tip, 

with length similar to the THz wavelength, fabricated directly to 

the surface of a radially-polarized THz source. High field 

confinement is seen at the apex of the probe. Frequency dependent 

scattering efficiency is observed, likely related to dipolar 

resonances along the length of the probe. 

I. INTRODUCTION 

Hz near-field imaging has progressed significantly in 

recent years, showcasing spatial resolution better than 

100 nm [1]. However, the sensitivity of the technique is 

limited by low efficiency in converting the near-field 

interaction at the apex of the probe to the far field. In the 

infra-red (IR) range, scattering probes with length L similar to 

their operating wavelength  are seen to enhance scattering 

efficiency by acting as a resonant antenna [2]. In most cases, 

THz scattering probe microscopy utilizes a needle (L>>λ) or 

atomic force microscope (AFM) cantilever (L<<λ) as a 

near-field probe. To apply the principle of resonant scattering 

probes to the THz range we demonstrate a novel THz scattering 

probe, fabricated from Indium, with variable length between 

~50 µm and 1000 µm, and apex diameter ~50-150 nm. The 

ideal half wave dipole model predicts the tips resonate between 

0.15 and 3 THz. 

The indium tips are fabricated on a wafer containing InAs, 

and excited by radially polarized THz pulses [3], which are 

guided along the length of the probe. A schematic of the probe 

in a THz scattering probe microscopy configuration is shown in 

fig. 1), with a scanning electron micrograph (SEM) of an 

exemplary probe inset. 

 

II. RESULTS 

The spatial field confinement at the apex of the indium tip is 

evaluated experimentally using aperture-type near-field 

microscopy integrated into a THz time-domain spectroscopy 

system (THz TDS). The field at the apex is seen to be 

confined to at least 4 m, the resolution of the aperture 

probe [4]. Finite-difference time-domain simulations predict 

that the true field confinement is in fact comparable to the tip 

apex diameter. 

Using the THz TDS system, with detection in the far field, 

it is possible to identify the field scattered only from the 

Indium tip (fig. 2). Compared to the emission spectrum from 

the THz source, the spectrum shows two peaks. These are 

likely to be resonances related to the shaft of the tip. We 

suggest that the lower frequency peak is related to the 

half-wave dipole resonance, which can be efficiently excited 

with a radial source [5].  
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Fig. 1. Visualization of the indium tip configured for scattering probe 
microscopy. Detector D is placed in the far field. Inset: scanning electron 

micrograph of a 270 µm long Indium tip with a 50 nm apex diameter. 
 

Fig. 2. Spectrum measured by a detector placed ~5 mm from the tip, showing 

emission from InAs only (blue line) and the emission from the tip only 
(red line).  


