
This paper's copyright is held by the author(s). It is published in these proceedings and included in any archive 

such as IEEE Xplore under the license granted by the “Agreement Granting URSI and IEICE Rights Related to 

Publication of Scholarly Work.” 

URSI GASS 2023, Sapporo, Japan, 19 – 26  August 2023 

 
 

Two-element array of resonant-tunneling-diode terahertz oscillator integrated with 

offset-fed slot antenna 
 

T. V. Mai(1), T. Namba(1), and S. Suzuki*(1) 

(1) Tokyo Institute of Technology, Tokyo, Japan; e-mail: safumi@ee.e.titech.ac.jp 

 

Resonant tunneling diodes (RTDs) are promising candidate as a compact and room temperature terahertz (THz) 

source [1]. However, the output power of conventional single RTD oscillators is small of ~10 μW, and increasing 

the output power is strongly required. Arrayed oscillators are effective for high-power oscillation, and coherent 

high-power oscillation has already been reported [2]. We proposed an oscillator array structure using strong 

coupling through a resistor in a simple oscillator structure without a capacitor for separating the DC circuit and 

the THz circuit, and demonstrated its operation [3]. This structure has an advantage of a wide synchronization 

frequency range due to the strong coupling. In this work, we proposed and fabricated an arrayed RTD oscillator 

with offset-fed slot antennas and a 180-degree bending coupling structure for high-efficient power coupling, and 

achieved a high output oscillation of ~0.77 mW at 530 GHz. 

Fig. 1 shows the schematic structure of the proposed arrayed RTD oscillator. Two RTD mesas are integrated into 

two slot antennas, respectively, at positions shifted from the center, and each antenna is coupled through a 

common resistor. RTDs have a negative differential conductance (NDC) in their IV characteristics, which 

becomes a gain for THz oscillation. The oscillation frequency is determined by the LC parallel resonance of RTD 

capacitance and antenna inductance. Two resistors are placed at the end opposite the coupling part to form an 

antenna and to suppress parasitic oscillations at low frequencies. In operation in this resistor-coupled structure, 

the anti-phase mode (odd mode) in which the oscillation voltages of the two RTDs are in opposite phases is stable 

because the current in the common resistor is small. Therefore, the two antennas are connected by bending 180 

degrees so that the power is combined in the substrate direction. We fabricated the device while fixing the antenna 

structure and changing the area of the RTD (Fig. 1(a), right). As a result, as shown in Fig. 1(b), a high-power 

oscillation of 0.766 mW was obtained at 530 GHz. Fig. 1(c) shows the output power versus oscillation frequency. 

The oscillation frequency increases as the mesa area shrinks, but the output power decreases. As shown in Fig. 

1(c), the experiment and theory show good agreement, and in the future, higher output power is expected by using 

an RTD with high current density and good peak-to-valley current ratio (PVCR). 
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Figure 1. (a) Schematic structure of proposed two-element arrayed RTD oscillator and fabricated device. (b) 

Oscillation spectrum. (c) frequency dependence of output power. 

Acknowledgements 
This study was partially supported by a scientific grant-in-aid (21H04552) from JSPS, CREST (JPMJCR21C4) 

from JST, X-NICS (JPJ011438) from MEXT, SCOPE (JP215003005) from MIC, commissioned research from 

NICT (No. 03001), and the Canon Foundation. 

References 
[1] M. Asada, and S. Suzuki, “Terahertz Emitter Using Resonant-Tunneling Diode and Applications,” Sensors, 

vol. 21, Feb. 2021, Art. no. 1384, doi: 10.3390/s21041384. 

[2] Y. Koyama, Y. Kitazawa, K. Yukimasa, T. Uchida, T. Yoshioka, K. Fujimoto, T. Sato, J. Iba, K. Sakurai, and 

T. Ichikawa, “A High-Power Terahertz Source Over 10 mW at 0.45 THz Using an Active Antenna Array With 

Integrated Patch Antennas and Resonant-Tunneling Diodes,” IEEE Trans. Terahertz Sci. Technol., vol. 12, 

no. 5, pp. 510-519, Jun. 2022, doi: 10.1109/TTHZ.2022.3180492. 

[3] T. V. Mai, T. Namba, Y. Suzuki, S. Suzuki, and M. Asada, “Array configuration for high output power in 

structure-simplified resonant-tunneling-diode terahertz oscillator,” Frontiers in THz Technol., Fr3-3, 2022. 


