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Abstract 

The recent results of our resonant-tunneling-diode 

(RTD) terahertz oscillators are reported. A fundamen-

tal oscillation up to 1.55 THz was obtained at room 

temperature by reducing the delay time and optimiza-

tion of antenna length. A high output power of 610 W 

at 620 GHz was achieved by a two-element off-

set-antenna array. A novel RTD oscillator integrated 

with a patch antenna for the extraction of output power 

without Si lens was investigated. Wireless data trans-

mission at 540 GHz was demonstrated up to 3 Gbps. 

For a higher data rate, a novel oscillator structure for 

high-frequency modulation was proposed, and a very 

high cut-off frequency of ~30 GHz was obtained. A pre-

liminary experiment on a varactor-tuned RTD oscilla-

tor was conducted, and a wide tuning range of ~11% 

was achieved for the center frequency of 655 GHz. 

 

1. Introduction 

Novel applications using terahertz waves have become 

possible owing to the recent development of terahertz 

sources. These terahertz applications will become popular 

if compact solid-state semiconductor light sources are real-

ized. For semiconductor single oscillators, quantum cas-

cade lasers have been intensively studied from the optical 

side [2]-[4]. The operation frequency of electron devices is 

also making significant progress from the millimeter-wave 

side. Among the electron devices [5]-[7], resonant tunnel-

ing diodes (RTDs) have been considered as a candidate for 

terahertz oscillators at room temperature [8]-[14]. 

In this paper, we report on our recent results for RTD 

oscillators: fundamental oscillations up to 1.55 THz at 

room temperature by reducing the delay time and high 

output power (~610 W) oscillation at 620 GHz with a 

two-element offset-antenna array. A novel RTD oscillator 

integrated with patch antenna is shown for the radiation of 

output power without using a Si lens. A preliminary ex-

periment on wireless data transmission with direct intensity 

modulation of the RTD is reported, and a novel oscillator 

with a high cutoff frequency for modulation at a high data 

rate is shown. A wide frequency-tunable RTD oscillator 

integrated with varactor diode is also reported. 

 

2. Device Structure and Oscillation Characteristics 

An RTD oscillator consists of an AlAs/InGaAs RTD 

mesa and a slot antenna on a semi-insulating InP substrate 

[11]. An oscillation is obtained when the negative differen-

tial conductance of the RTD overcomes the loss of the an-

tenna, where the frequency is determined by the resonance 

circuit constructed by the slot antenna and RTD. The slot 

antenna functions as a resonator and radiator. 
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Fig. 1 Schematic band structure and oscillation spectrum with an 

optimum spacer thickness of 12 nm. A high-doped step emitter 

structure is employed for high current density with reduced bias 

voltage. 

 

The negative differential conductance degrades as the 

frequency increases because of the intrinsic delay time, 

which consists of the dwell time in the resonance region 

and the transit time across the collector depletion region. 

To maintain the negative differential conductance in the 

high-frequency region, the delay time should be reduced. 

We employed a thin barrier and well structure to reduce the 

dwell time and optimized the depletion-layer thickness to 

reduce the transit time. Fig. 1 shows the schematic band 

diagram and oscillation spectrum. Because the optimization 

of antenna length is also effective for high frequency oscil-

lation, we employed 16-m-long antenna. A fundamental 

oscillation up to 1.55 THz is obtained [13], which is the 

highest fundamental oscillation for room-temperature sin-

gle electronic devices. 

The maximum available output power can be extracted 

from an RTD when the impedance matching condition is 

satisfied, which is when the radiation conductance of the 

antenna becomes half of the absolute value of the negative 

differential conductance [11]. However, the radiation con-

ductance of a conventional center-fed slot antenna was too 

small, and the matching condition was not satisfied. With 

the combination of an offset-fed slot antenna and optimiza-

tion of the antenna width, the radiation conductance was 

increased, and a high output power can be achieved [14]. 

The power combined with the array configuration is also 

effective for a high output power. We fabricated a 

two-element array of the offset slot antennas, and obtained 

a combined output power of 610 W at 620 GHz [14]. 

For the extraction of output power, we employ a Si 
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hemispherical lens. However, a Si lens is bulky and not 

easy to handle. Thus, we proposed and fabricated RTD 

oscillators integrated with slot-coupled patch antennas for 

the extraction of output power without the use of Si lenses 

[15]. Output power radiation through the patch antenna and 

an antenna directivity of ~7 dBi were obtained. It will be 

possible to obtain a high directivity by array configuration. 

 

3. Data Transmission and Modulation Characteristics 

As a preliminary experiment, wireless data transmission 

using an RTD was demonstrated [16]. The obtained bit 

error rate was 3×10-5 at 3 Gbps. The bit rate was limited by 

the parasitic elements surrounding the oscillator core. Fig. 2 

shows the structure proposed for high-frequency direct 

modulation [17]. The parasitic element of the met-

al-insulator-metal capacitor, which is used for the separa-

tion of the DC bias and the formation of the slot antenna, is 

reduced for high-frequency modulation. We measured the 

high-frequency response of the novel oscillator using a 

vector network analyzer (VNA). A very high cut-off fre-

quency of ~30 GHz was obtained (Fig. 2), and high bit rate 

is expected with this structure. 

Fig. 2 Schematic structure and modulation characteristics of the 

RTD oscillator for high-frequency modulation. 
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Fig. 3 Tuning spectra and the dependence of the oscillation fre-

quency on the bias voltage of the varactor diode. 

 

4. Frequency Tuning with Varactor Diode 

Terahertz spectroscopy using the specific absorption 

spectra of various molecules is one of the key applications 

in the terahertz range [1]. In order to realize wide frequency 

tuning for spectroscopic application, we proposed and fab-

ricated a novel RTD oscillator integrated with a varactor 

diode [18]. As a preliminary experiment, we fabricated an 

oscillator with a 20-µm-long antenna, 1.1-µm2 RTD mesa, 

and 6-µm2 varactor-diode mesa and measured the tuning 

range. Frequency tuning from 620 to 690 GHz (~11% of 

the center frequency at 655 GHz) is obtained by the change 

in the depletion-layer capacitance of the varactor diode for 

a DC sweep from −4 to +0.5 V (Fig. 3). The experimental 

results agree well with the theory, and a larger tuning range 

(~100 GHz) is expected by utilizing a large-area varactor 

diode. 
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