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Abstract

A lossless transport of an arbitrary waveform in a frequency range of 108-10° Hz through a conduction channel in a cryogenic
temperature is of importance for a high-speed operation of quantum device. However, it is hard to use a commercial oscilloscope
to directly detect the waveform travelling in a device located in a cryogenic system. Here, we developed a cryogenic voltage
sampling technique by using a Schottky barrier gate prepared on a surface of a GaAs/AlGaAs device, which revealed that an
incident rectangle waveform can transport through a 1 mm long two-dimensional conduction channel without waveform
deformation up to 20 MHz, while further study is needed to increase the detection frequency.
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GaAs/AlGaAs wafer

Ni/Au/Ge/Ni/Au alloy
I 2DEG I Ti/Au

Fig. 1. (a) Schematic of GaAs/AlGaAs device. (b)
Scanning electron microscope image of GaAs/AlGaAs
device with an experimental configuration.
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Fig. 2. (a) Schematic of the CVS method. Device is
composed by three electrodes; source (S), drain (D) and
sampler (SPL), where S and D are Ohmic contacts and SPL
is a Schottky contact. (b),(c) Principle of the CVS method
(see the main text for the details).
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Fig. 3. (a) Ib-VspL characteristic of 2DEG channel of 1(b).
(b),(c) Output waveforms generated from two-ouptput
AWG imposed by dc voltage for Vs and Vspi, respectively.
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Fig. 4. (a) Pulse-width dependence of CVS measurement, where Atq is the delay time resolution. (b) Frequency dependence of CVS
measurement, where 50 MHz response is indicated by the red arrow. Each curve was vertically shifted for the clarity. Original base
current levels were ~40.0, 33.0, 29.6, 15.3 and 0.2 pA with a frequency ascending sequence. The inset: Zoom-in plots of data for 20
and 50 MHz of (b). (c) 1 MHz waveform measured by an oscilloscope. The inset: Zoom-in plots of data for 20 and 50 MHz of (c).
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