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Abstract(>100 words) 

Studies using surface acoustic waves (SAWs) have typ-

ically employed SAWs with sinusoidal waveforms. Re-

cently, a technique to generate a single cycle SAW pulse by com-

pressing SAWs in a wide-frequency range using a chirp interdig-

ital transducer (chirp-IDT) has been developed. In this study, 

we employed this SAW pulse to investigate the effect of 

electromagnetic crosstalk generated during SAW genera-

tion on the quantization of the acoustoelectric current 

flowing through a one-dimensional channel. 

 

1. Introduction 

The generation of surface acoustic waves (SAWs) in pie-

zoelectric materials enables electron transport through the ac-

companying electric field modulation. SAWs induce poten-

tial minima in depleted one-dimensional channels, each of 

which can trap a single electron. Due to this unique property, 

SAWs are used in a variety of research fields, for example 

metrology [1-3]. For the metrology application, crosstalk is a 

major challenge. Electromagnetic waves emitted by high-fre-

quency parts of the experimental circuit, such as an interdig-

ital transducer (IDT), can be picked up at gates, causing dis-

turbances in the potential of the channel and interfering with 

the moving SAW potential. To address this problem, methods 

such as using shields or specially shaped sample holders [1] 

have been applied to suppress electromagnetic waves. How-

ever, it is challenging to completely eliminate crosstalk even 

with careful shielding. One proposed solution to remove the 

crosstalk is to modulate the SAW generation signal. However, 

it is reported that this approach can distort the SAW shape, 

leading to inaccuracies in electron transport [3]. Recently re-

ported a SAW compressed using a chirp-IDT is capable of 

electron transport in a single pulse [4]. In this study, we show 

that by using this method, crosstalk can be completely elimi-

nated. 

 

2. Experiment setup 

Device 

The experiment is performed within a 4 K pulse tube re-

frigerator. A Si-modulation-doped GaAs/AlGaAs hetero-

structure is used to fabricate the sample. The two-dimen-

sional electron gas (2DEG) that is located at 100 nm below 

the surface has an electron density of 𝑛 ≈  2.8 ×

1011 cm−2 and a mobility of 𝜇 ≈  9 × 105 cm2V−1s−1. 

The device contains a quantum wire with a lithographic 

width of 0.8 μm and a length of 2 μm defined by surface 

Schottky gates. The 2DEG around the gates is depleted by 

applying negative voltages to the gates. A chirp-IDT is 

placed on the sample surface ~1.4 mm to the left of the 

quantum wire. A broadband IDT as the SAW detector is 

placed after the quantum wire. The IDTs aperture are 30 μm, 

and the SAW propagation direction is along [110].  

SAW pulse generation 

A chirp IDT is an IDT whose cell periodicity changes grad-

ually. Here it is designed to generate SAWs with frequencies 

ranging from 0.5 GHz to 3.0 GHz. By applying a proper time-

varying high-frequency voltage to this IDT, it is possible to 

generate strongly compressed SAW pulses. The red line in 

Fig. 1 is a strongly compressed SAW pulse observed by the 

detector IDT. This waveform is distorted from the actual 

shape of the SAW passing through the quantum wire due to 

the frequency bandwidth of the detector. To find the wave-

form of the SAW transporting electrons, we performed a sim-

ulation using the delta function model. First, we simulated the 

waveform of the SAW including the detector-IDT component 

(Fig. 1 green line). Then, by subtracting the detector-IDT 

component, the waveform of the SAW in the device was sim-

ulated (Fig. 1 blue line). The result shows that a SAW pulse 

Figure 1 Trace of broadband detector response to compressed 

SAW generated by chirp IDT (red) with impulse-response sim-

ulation (green) and the corresponding SAW shape (blue) de-

rived via deconvolution of the detector response. 
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with almost a single minimum can be generated. 

 

3. Generating quantized current 

 SAWs applied to depleted quantum wires can generate 

acoustoelectric currents that can be controlled by adjusting 

the gate voltage. Dynamic quantum dots are formed by the 

lateral confinement of the quantum wire and the longitudinal 

confinement of the SAW potential. The charging energy of 

the quantum dots increases as the gradient becomes steeper, 

and when it becomes sufficiently large, the number of elec-

trons within the quantum dots is discretized. This electron 

transport generates quantized acoustoelectric currents. Fig. 2 

shows that the amount of current generated increases as the 

SAW power increases. The power of the SAW controls the 

confinement strength of the electrons in the SAW minimum, 

which must be sufficient for electron transport at a particular 

SAW minimum [5]. When the SAW power exceeds a thresh-

old value, the current value is quantized to a constant value 

and hence a plateau appears. This constant current value is 

consistent with the quantized value n𝑒𝑓 = n𝑒/𝑇cycle, which 

is calculated from the repetition period 𝑇cycle of the SAW 

pulse. 

 

4. Crosstalk effect 

When the IDT is excited to generate a SAW pulse, electro-

magnetic waves are emitted from the IDT. This appears as a 

crosstalk effect and causes potential fluctuations in structures 

such as quantum wires. In this device, the SAW reaches the 

quantum wire about 505 ns after its generation at the IDT. By 

shifting the timing of the SAW pulse arrival at the quantum 

wire and the timing of the SAW generation signal input to the 

IDT, the effect of crosstalk can be eliminated. Fig. 3 com-

pares the acoustic-electric current generated in the quantum 

wire with and without the effect of crosstalk, where the num-

ber of SAW pulses per cycle is the same and the pulse interval 

is adjusted. It can be seen that interference due to crosstalk 

affects the electron transport by the SAW pulse and that the 

plateau does not appear with crosstalk. Such a complete sep-

aration of electromagnetic crosstalk is difficult to achieve 

with a regular IDT used in previous studies because of narrow 

bandwidth. 

 

5. Conclusions 

  In conclusion, we have observed quantization of 

acousto-electric currents using chirped SAW pulses. Pulsed 

SAW is highly flexible because it can generate continuously 

single electrons but with complete crosstalk isolation. In ad-

dition, although electron transport was detected from direct 

measurement of the current in this study, more accurate de-

tection can be achieved by single-shot detection using a sin-

gle-electron detector with quantum dots. We consider that 

this quantized current generation technology using pulsed 

SAW has the potential to contribute to metrology through its 

application to single electron pumps. 
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Figure 2 Acoustic-electric current induced by compressed 

SAW pulse. The SAW amplitude varies from 40 meV to 

48 meV (from right to left) 

Figure 3 Acoustic-electric current with and without crosstalk. 
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