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Abstract  — We propose the use of a resonant tunneling diode 

(RTD) as a detector in terahertz wireless communications 
systems. Comparing to the conventional Schottky-barrier diode 
detector, the RTD is expected to provide about 30-dB increase in 
the sensitivity due to its strong nonlinearity. We have 
experimentally demonstrated an error-free wireless transmission 
at a bit rate of 2 Gbit/s using the RTD at 300 GHz. 

Index Terms —Resonant tunneling devices, Diodes, Detectors, 
Wireless communication, Submillimeter wave communication. 

I. INTRODUCTION 

Recently, there has been an increasing interest in the 
application of terahertz (THz) waves (0.1 THz~10 THz) to 
the high-speed wireless communications [1]. In particular, the 
use of frequencies above 275 GHz is one of the strong 
concerns among radio scientists and engineers, because these 
frequency bands have not yet allocated at specific 
applications, and there is a possibility to employ extremely 
large bandwidths for ultra-broadband wireless 
communications.  

300-GHz band wireless link at a bit rate of over 10 Gbit/s 
has been reported, where a photonics-based transmitter and a 
Schottky-barrier diode detector are used [2], [3]. To bring the 
THz wireless communications technology to the consumer 
marketplace, the development of transmitter based on 
semiconductor electronic devices is urgently required. There 
are various candidates for electronic THz emitters or 
oscillators operating at room temperature such as tunnel 
transit-time (TUNNET) diodes, impact ionization avalanche 
transit-time (IMPATT) diodes, Gunn diodes, resonant 
tunneling diodes (RTDs), and transistor-based oscillators [4]. 
Among them, the RTD has exhibited the highest oscillation 
frequency at over 1 THz [5].  Mukai et al. recently introduced 
the RTD oscillator in the 300-GHz band electronic 
transmitter, and succeeded in the wireless transmission at 1.5 
Gbit/s [6].  

 In addition to the application of RTDs to THz transmitters, 
the RTD is expected to be employed as a detector in the THz 
region due to its strong nonlinearity in the I-V characteristics.  
In this paper, we discuss and experimentally verify the use of 

the RTD as a highly-sensitive detector in the 300-GHz band 
wireless link. The device structure and characteristics are 
shown in Section II. Section III describes the experimental 
setup of the wireless transmission and the obtained results. 
Finally, we compare the sensitivity of RTD detector with that 
of commercially available Schottky barrier diode detector in 
Section IV. 

II. STRUCTURE AND CHARACTERISTICS OF RTD 

Figure 1 shows an antenna integrated RTD device and a 
layer structure of the RTD. The RTD is integrated with a 
tapered slot antenna on InP substrate. This RTD chip is 3 mm 
long, 1.5 mm wide and 0.7 mm thick. The gain of the antenna 
is 10 dB. The RTD has a quantum well between two 
heterobarriers. Due to the potential well, the I-V 
characteristic of RTDs has a negative differential resistance 
(NDR) region [7]. 

The I-V characteristic of the RTD fabricated is shown in 
Fig. 2. This characteristic is before depositing a bismuth film 
which is connected between anode and cathode electrodes to 
suppress a parasitic oscillation at 2-3 GHz formed by external 
circuits including DC bias line. The NDR region can be seen 
between about 0.5 V and 0.8 V or between about -0.2 V and -
0.4 V. The RTD device acts as an oscillator when biased in 
the NDR region [7]. 

Even when the RTD is biased in the normal resistance 
region outside the NDR, it still shows a strong nonlinearity as 
shown in Fig. 2.  This nonlinearity is expected to be useful 
for a square-law detection. The output current, I(V), is 
approximated by  
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where a is an amplitude of the input voltage, d 2I/dV 2 is the 
second derivatives of the I-V characteristic at a bias point, V0 
[8].  
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From Eq. (1), the calculated sensitivity (intrinsic response) 
of the RTD with I-V characteristic of Fig. 2 is about 30 dB 
larger than that of conventional Schottky barrier diode. 
Usually, highest sensitivity is obtained when the RTD is 
biased close to the peaks of the NDR region, A and B, as 
indicated in Fig. 2.   
 
 

 
 

Fig. 1. The device and layer structures of the RTD. 
 

 

 
 
Fig. 2. The I-V characteristic of the RTD. Solid circles are bias 
points for the oscillator operation, and open circles for the detector 
operation. 
 

Figure 3 shows a schematic of the packaged receiver. The 
RTD device is mounted on a coplanar line (CPW) fixture 
with a coaxial connector. By using a bias-T, DC voltage is 
applied to the RTD, and the output signal is extracted through 
the same CPW. The RTD chip and the CPW are connected by 
wire bonding.  

The antenna directionality of this receiver is almost 
perpendicular to the surface of InP substrate as shown in Fig. 
3.  This is because the relative dielectric constant of the InP 
substrate is 12.1 and then the electromagnetic wave is 
gravitated into the thick substrate. Approximately 97% of the 
total output power is radiated toward the substrate in the case 
of oscillator [9]. 

 
 

 
 

Fig. 3. Structure of the packaged receiver using the RTD chip. 
 
 

 
 
Fig. 4. Block diagram of 300-GHz band wireless link using the 
RTD as a detector. The transmitter is based on the photonic 
generation of THz signals using a photomixing technique. 
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III. WIRELESS TRANSMISSION EXPE

The experimental setup for the wireles
shown in Fig. 4. In the transmitter, firs
intensity-modulated optical signal at 300 GH
using two sets of wavelength tunable
wavelength difference of 2.4 nm, which c
GHz. Then, the optical signal is ON-OFF m
optical intensity modulator, which is dri
pattern generator at a bit rate of >1 Gb
optical signal is converted to THz signa
photodiode [10].  

In the RTD receiver, the detected 
demodulated by the envelope detection, and
signal is amplified and reshaped by a pr
limiting amplifier, respectively.  

In the experiment, we used two dielectr
for the transmitter and receiver to collima
waves. The transmission distance was set
which is limited by the size of table on whic
placed.  

Figure 5 shows the eye diagram at a bit 
when the DC bias point was set to A in Fig
V. The output power from the transmitter w
μW.  The measured bit error rate (BER) wa
an error free performance was confirmed. O
when the DC bias was set to B in Fig. 2,
diagram became deteriorated, and the BE
may be attributed to the increase of voltage/
higher DC bias voltage.   
 

 

 
Fig. 5. The demodulated eye diagram at a b
with a carrier frequency of 300 GHz when the tr
is 0.3 m. 
 

Figure 6 shows a relationship between 
BER. An error-free transmission was achiev
This result is attributed to a bandwidth lim
amplifier, which is around 1 GHz. So, the 
rate up to 10 Gbit/s will be feasible b
bandwidth of the amplifier.    
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Fig. 6. Dependence o

IV. COMPARISON WITH SC

We compared our RTD d
Schottky barrier diodes (SBD
performance of the RTD detec
The SBD detector used is comm
Virginia Diode Inc. The SBD 
diagonal horn antenna with 
experiment, we removed diel
horn antenna and the RTD dete
mm). 

Figure 7 (a) compares the 
SBD detectors at a bit rate of 1
voltages at the output port of th

As shown in Fig. 7 (a), the s
is higher (up to 12 dB) than
transmitter power of 5 μW. A
pre-amplifier saturates to 2 Vp

itself estimated from the DC I-
than that of the SBD. However
detector is about 15 dB lower 
estimate the signal loss of abo
detector, particularly by the im
bonding between the RTD chip
3). This power loss of the RTD
by the time domain reflectomet

Table I summarizes the com
SBD detectors with respect to
loss. Considering these values,
calculated to be 11 dB, which 
experimental one. It must b
integrated RTD detector is mo
The packaged RTD has the si
SBD has the size 44 ×  32 ×  2

Finally, we compare the
transmitter power and the B
detectors in Fig. 7 (b). As 
requires less transmitter power
BER = 10-8. But, the required t

ps 

 

of BER on the data rate. 

CHOTTKY BARRIER DIODES 
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ctor with respect of sensitivity. 
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detector was assembled with a 

a gain of 25 dB. In this 
lectric lenses (Fig.4), and the 
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1.5 Gbit/s by measuring output 
he preamplifier.  
sensitivity of the RTD detector 
n that of the SBD under the 

Above 5 μW, the output of the 

p-p. The sensitivity of the RTD 
-V curve is about 30 dB higher 
r, the antenna gain of the RTD 
than that of the SBD. We can 

out 4 dB in the packaged RTD 
mpedance mismatch at the wire 
p and the CPW substrate (Fig. 

D was experimentally evaluated 
try.  

mparison between the RTD and 
o antenna gain, sensitivity and 
, the difference in sensitivity is 
is in good agreement with the 

be added that our antenna-
ore compact and cost-effective. 
izes 20 ×  10 ×  8 mm, and the 
0 mm. 
e relationship between the 

BER for the RTD and SBD 
expected, the RTD detector 

r than the SBD detector above 
transmitter power is almost the 
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same for the error-free (BER = 10-11) condition. This may be 
caused by the signal deterioration due to the parasitic 
oscillation and impedance mismatch in the RTD detector. In 
general, the BER becomes very sensitive to the signal 
distortion as it approaches an error-free condition of less than 
10-11. 

 
 

 
(a) 

 

 
(b) 

 
Fig. 7. Comparison of output voltages from a pre-amplifier (a), 
and BER characteristics (b) between RTD and SBD detectors. 
 
 

TABLE I 
 COMPARISON OF PERFORMANCES 

SBD RTD 

Antenna Gain (dB) 25 10 

Relative Intrinsic Detector 
Sensitivity (dB) 

0 
(reference) 

~ 30 

Power Loss (dB) NA ~ -4 

Experimental Detector 
Sensitivity (dB) 

0 
(reference) 

< 12 

V. CONCLUSION  

We have demonstrated a wireless transmission at 300 GHz 
using the RTD as a detector. An error-free transmission up to 
2 Gbit/s has been confirmed. In addition, we compared the 
sensitivity of the RTD detector integrated with a planar 
antenna to the commercially available Schottky barrier diode 
detector, and confirmed that the total responsivity of our RTD 
detector with a low-gain (10-dB) antenna was higher than that 
of the SBD with a high-gain (25-dB) horn antenna. 

Future work addresses comparison of NEP with SBD, 
higher bit-rate detection and the wireless communication 
using the RTDs for both a transmitter and a receiver. If this is 
realized, it is expected that a half-duplex communication 
using one RTD chip will be realized. 
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