
Figure 1. (a) Circuit configuration of MOBILE using only RTDs. 
Series connected RTD pair (RTDA and RTDB) is used for 
monostable-to-bistable transition, and RTD-resistor pair (RTDC and 
RIN) is used for peak current modulation. (b) Circuit configuration of 
2-bit flash ADC using only RTDs. Utilizing nonlinear foldback I-V 
characteristics of RTD, MSB and LSB signal can be implemented 
using the same circuit configuration with that of the MOBILE. 
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1. Introduction 
Resonant tunneling diode (RTD) is one of the most 

promising candidates for future nanoelectronics devices [1]. 
RTD circuits have been widely studied for their ability in 
achieving high speed operation, high functionality with 
reduced circuit complexity, and low power consumption 
owing to their ultra high-speed switching characteristics 
and negative differential resistance (NDR) features. Various 
high-speed and low-power logic applications based on 
Monostable-to-Bistable Transition Logic Element (MO-
BILE) have already been demonstrated [2], [3]. 

However, in the previously reported MOBILE-based 
circuits, the transistors, which were used to modulate the 
peak current, have limited the full exploitation of the 
high-speed switching and low-power features of RTDs [4]. 
For example, MOBILE operation was demonstrated only 
up to 35 Gbit/s with about 2 mW power dissipation in spite 
of picoseconds level switching time of RTD [2]. Logic cir-
cuits using only RTDs in the 1960’s [5] can be used to 
overcome these limits. For example, as an attempt to solve 
this problem, various logic circuits using only RTDs were 
proposed recently [4], [6]-[8]. Motivated by the previous 
results, we have proposed and demonstrated MOBILE cir-
cuits and multi-valued logic (MVL) circuits using only 
RTDs as active devices [9], [10]. In this paper, we report 40 
Gbit/s operation of MOBILE using only RTDs, and its ap-
plication to 2-bit flash analog-to-digital-converter (ADC). 

 
2. Circuit Configuration 

Fig. 1(a) shows the circuit configuration of MOBILE 
using only RTDs. MOBILE is a rising edge triggered logic 
element which consists of two series-connected NDR de-
vices. The circuit configuration of the proposed MOBILE is 
the same as that of the conventional MOBILE except for 
the input-driver as shown in Fig. 1(a). The proposed MO-
BILE consists of a series-connected RTD pair and a 
RTD-resistor pair for monostable-to-bistable transition and 
current modulation, respectively, as shown in Fig. 1(a). The 
detailed operation principles of the proposed MOBILE us-
ing only RTDs have previously been reported [9]. 

By implementing an RTD-resistor pair at the input stage, 
multi-valued logic circuit can be implemented with reduced 
circuit complexity. We have demonstrated MVL operation 
using the same circuit configuration with MOBILE with 
reduced circuit complexity compared with that of the pre-
viously reported MVL circuits [10]. To demonstrate the 
possibility of practical application of the proposed circuit 
configuration using only RTDs as active devices, we de-
signed 2-bit flash ADC circuit using the proposed literal 
gates. Fig. 1(b) shows the circuit configuration of the de-

signed 2-bit flash ADC using only RTDs. Up-literal opera-
tion is used for MSB signal generation, and literal operation 
with two thresholds is used for LSB signal generation to 
generate 2-bit Gray-coded output signal. The proposed 
ADC uses only 8 devices (6 RTDs and 2 resistors). The 
device count is drastically reduced compared with that of 
the previously reported RTD-based 2-bit flash ADC, which 
uses 26 devices [11]. 
 
3. Fabrication and Measurement Result 

Test circuits were fabricated using our RTD technology 
on an InP substrate. AlAs/InGaAs/InAs RTD epitaxial lay-
ers were grown by MBE. To fabricate designed ICs, the 
conventional optical lithography and the lift-off process 
were used. The peak current density of the fabricated RTDs 
was 112 kA/cm2 with a good peak-to-valley current ratio of 
12 at room temperature, and the peak voltage of the fabri-
cated RTDs was about 0.3 V. Fig. 2(a) shows the micro-
photograph of the fabricated MOBILE using only RTDs. To 
minimize measurement system effect, we included in-
put/clock buffers in the test circuit. We used simple 50 ohm 
resistor for input and clock buffers. Simple 400 ohm resis-
tor was used for output buffer. Fig. 2(b) shows the mea-
surement result at 40 Gbit/s with an input bit pattern of 
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Figure 2. (a) Microphotograph of the fabricated MOBILE circuit. (b) 
Measured input/output bitstream of the fabricated MOBILE circuit at 
40 Gbit/s. 

 
Figure 3. (a) Microphotograph of the fabricated 2-bit flash ADC. (b) 
Measurement result of the fabricated 2-bit flash ADC at a clock signal 
of 200 kHz and an input signal of 25 kHz. 

(1100000110101010). The lower trace is the complement of 
the input data stream. The upper trace shows the output 
waveform. As shown in this figure, the logic function of the 
fabricated MOBILE as a noninverted return-to-zero-mode 
delayed flip-flop with about 40 mV output swing has been 
confirmed at 40 Gbit/s. The output swing is relatively small 
because simple 400 ohm resistor is used as an output buffer. 
The estimated power dissipation was about 1.2 mW at 40 
Gbit/s. 

Fig. 3(a) shows the microphotograph of the fabricated 
2-bit flash ADC using only RTDs. Fig. 3(b) shows the 
measurement result of the fabricated 2-bit flash ADC. As 
shown in Fig. 3(b), 2-bit Gray code output was successfully 
obtained at a clock signal of 200 kHz and an input signal of 
25 kHz. The operation of the fabricated ADC was con-
firmed at low frequency, but we can expect high frequency 
operation from the 40 Gbit/s operation of the MOBILE 
with the same circuit configuration. 
 
4. Conclusion 

In summary, we have demonstrated 40 Gbit/s operation 
of MOBILE with very low power dissipation of about 1.2 
mW using only RTDs. The power dissipation can be more 
reduced using scaled down devices. The proposed circuit 
configuration has advantage that MVL circuits can be im-
plemented using drastically reduced circuit complexity 
compared with that of the previously reported circuits. To 
demonstrate the potential of the proposed circuit configura-
tion using only RTDs for MVL logic applications, we have 
also designed and fabricated 2-bit flash ADC with reduced 
circuit complexity compared with that of the previously 
reported RTD-based ADCs. These results indicate the great 
potential of the proposed circuits using only RTDs for fu-
ture nanoelectronic logic applications. 
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