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Terahertz (THz) sensing offers a wide range of potential applications for its high resolution and
transparency. However, the integration and cost reduction of THz transceivers remain
significant challenges. With this project, we present an integrated THz sensing system enabled
by a resonant tunneling diode (RTD) transceiver and MHz-band circuits. The system operates
a single RTD as a THz-band self-oscillating mixer and a tunable oscillator simultaneously. As
a proof of concept, the proposed system achieved sub-millimeter resolution 3D imaging and
thin-layer estimation down to 12 um at the 240-GHz band using the radar interferometric
technique. Furthermore, the polarimetric technique is introduced to distinguish targets with
different physical properties.
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As outlined in the summary, this research will focus on two key areas of development:

(a) A compact THz sensing module utilizing a single RTD

Building upon the progress made during FY2024, the RTD imaging system has been further
integrated using a customized FPGA board instead of the experimental setup using
expensive equipment such as oscilloscope. The concept of the proposed system was initially
introduced in [3] and previous reports, with the system configuration summarized in Fig. 1.
By leveraging the unique characteristics of the RTD, the entire THz-band frequency-modulated
continuous wave (FMCW) radar imaging system has been miniaturized into a compact, portable
form factor, as shown in Fig. 2. Since both the bias signal and the detected self-mixing signal
remain below 1 MHz, the system can be seamlessly integrated onto a customized circuit board.

Data acquisition is performed using a commercial MHz-band FPGA board, with further signal
processing carried out on a connected laptop.
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Fig. 1 Concept the FMCW radar using an RTD transceiver. The RTD Fig.2 The integrated RTD sensing
module was connected to Port 3 of a T-bunch, which was used to system, which can be applied for the 3D
provide bias voltage Vbias to the RTD module at Port 1. Both voltage imaging and  precise  thickness
of the self-mixing signal Vrrp and Vhias were detected at Port 2. A measurement by connecting to a laptop,
differential amplifier was employed to extract Vhias using a as introduced in section (b).
synchronized channel 7’ hias from a function generator.




(b) Interferometric and Polarimetric Signal Processing for THz Band Sensing Applications
As shown in Fig. 1, the proposed system generates and detects THz band chirp signals with a
~10 GHz bandwidth, enabling FMCW radar signal acquisition using a single RTD. The
interferometric radar signal allows for 3D imaging, as illustrated in Fig. 3. However, the limited
bandwidth of RTD still cannot compete with THz systems utilizing expensive photonic
technology.

To enhance sensing capabilities, an interferometric radar technique was introduced for detecting
minor displacements and thickness variations. This method measures the phase delay of the self-
mixing signal relative to a reference signal obtained from a position where no displacement or
thickness change occurs.

The high SNR of the RTD self-mixing signal enables precise detection of thickness variations
with the experimental configuration shown in Fig.3(a). The model was made by stacking three
layers material as shown in Fig.3(b), and a minimum displacement of 12 um can be detected.
Additionally, the interferometric technique has been successfully applied to 3D imaging
applications. As demonstrated in the system configuration and imaging results shown in Fig.
3(c), the 3D imaging through an acrylic plate can be achieved with a spatial resolution of ~2
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Fig. 3 (a) Imaging/sensing configuration using the proposed system; (b) layer material model used for the
thickness measurement; (c) 3D imaging result including an obstacle at the front. The target consists of three
characters, “THZ” made using a 3D printer, with a width of 15 mm.

In addition, we developed a Vector Network Analyzer (VNA)-based THz polarimetric imaging
system at NICT. This system enables precise extraction of phase information from THz band
mixing signals, allowing for the retrieval of polarimetric data to distinguish different target
shapes, as demonstrated in the preliminary results shown in Fig. 4. However, the polarimetric
imaging results using the RTD device is still under investigation.
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Fig.4 THz imaging using VNA system; (a) experiment setup; (b) conventional imaging result; (c) target
classification using polarimetric information.
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