Radio frequency single electron transmission spectroscopy of a semiconductor                          Si/SiGe quantum dot 
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Due to their high sensitivity, conventional Single Electron Transistors (SETs) electrometers have tremendous potential for applications in areas such as quantum sensing and quantum computing. Despite this potential however, in practice, the bandwidth of conventional SETs is limited to a few kilohertz due to the high capacitance of the cabling that connects the output of the device to room temperature electronics.  Furthermore, the charge sensitivity at these low frequencies is limited by  noise due to the motion of background charges.
In 1998 Schoelkopf et al. introduced the radio-frequency SET (RF-SET) which can measure the charge occupation of quantum dots with a bandwidth exceeding 100 MHz [1]. The key advance enabling high bandwidth measurements was to interpose an impedance transformer between the high impedance SET and the conventional  characteristic impedance of the measurement lines to solve the high impedance mismatch. Since then, RF techniques for QDs have flourished [2] and found widespread applications in areas such as quantum sensing and quantum computing. 
We will present results where we probe the single electron transistor’ impedance by measuring the transmission through a capacitively coupled transmission line. In contrast to the conventional reflectometry, ample examples are reported using a transmission type of setup. Similar as in the widely used reflectometry a matching circuit must be introduced. We develop a superconductor-semiconductor multi-module microwave assembly to demonstrate radio frequency transmission spectroscopy readout. The transmission type of setup has some advantages in comparison to the reflection type: (i) No external circuits (e.g. directional coupler) is necessary to separate the signals (for reflection you separate the incident from the reflected signal), which unavoidably results in loss of the signal. (ii) If we consider in an oversimplified picture the SET as a variable resistor, the resonance characteristics of the transmission spectroscopy has some unique features: (a) the transmission signal at resonance is a monotonous function of the load impedance, while for reflection this is not the case (b) a flat baseline to fit the resonance curves. We investigate the impact of the circuit parameters on the performance of RF single electron transistor transmission spectroscopy and discuss the impact of microwave losses. Further, we investigate the performance of the transmission setup for qubit readout.
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