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Differential Capacitance of a Double Quantum Dot

In the following section, we give a detailed calculation of the differential capacitance of a

coupled double quantum dot probed by a single gate electrode (G) as depicted in Fig. S1a.

The gate is coupled to the left and right dots via CGL and CGR respectively. The dots

are coupled to ground via the source and drain tunnel barriers with capacitances CSL, CDL

for the left dot and CSR, CDR for the right dot. The dots are tunnel coupled with mutual

capacitance CM.

Using the definition of differential capacitance,

Cdiff =
d(QL +QR)

dVG
, (1)

the problem simplifies to calculating the sum of the gate polarization charge on the left

(QL) and right dots (QR) as a function of gate voltage, VG. This can be obtained knowing

that the induced gate charges can be expressed as,

QL = CGL(VG − VL) (2)

QL = −e 〈n〉L + (CSL + CDL)VL − CM(VR − VL) (3)

QR = CGR(VG − VR) (4)

QR = −e 〈n〉R + (CSR + CDR)VR − CM(VL − VR) (5)

where 〈n〉L(R) and VL(R) are the average charge number and voltage on the left(right)

island respectively. We solve this set of linear equations (2-5) to obtain the sum of induced

charges,
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QL +QR =
1

1− C2
M

CΣLCΣR

{[αL(CSL + CDL) + αR(CSR + CDR)]VG − e(αL 〈n〉L + αR 〈n〉R) +

+CM

[(
αL

CΣR

(CSL + CDL) +
αR

CΣL

(CSR + CDR)

)
VG −

eαL 〈n〉R
CΣR

− eαR 〈n〉L
CΣL

]
} (6)

Here we have used the total capacitance of the dots CΣL(R) and the correspondent lever

arms αL(R) = CGL(R)/CΣL(R). If we consider the typical experimental situation in which

CM � CΣL(R) and note that 〈n〉L = −〈n〉R, for the situation in which dots exchange elec-

trons, we find equation (2) in the main text,

Cdiff = Cgeom − eα
d 〈n〉R
dVG

= Cgeom + (eα)2d 〈n〉R
dε

(7)

where Cgeom ≈ αL(CSL + CDL) + αR(CSR + CDR) and α ≈ αR − αL. Here we have used

ε = −α(VG − VG0) where VG0 stands for the value at which the energy levels exhibit an

avoided crossing. The equivalent circuit diagram is depicted in Fig. S1b where we represent

the capacitance parametric on VG as Cparam(VG)

CM
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Fig. S 1: Double quantum dot capacitance circuit. DC (a) and AC equivalent circuits (b).
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DC transport measurements

In Fig.2, we plot the source-drain DC current, ISD, as function of the top gate voltage, VG,

and back-gate voltage, VBG. The measurements are taken at 35 mK with a source drain

voltage, VSD=1 mV. At high VG, we observe the transistor turning on and the exact gate

voltage point at which this occurs depends upon the VBG applied, decreasing for increasing

VBG. Close to the threshold voltage, we observe an oscillatory behaviour of the current

characteristic of Coulomb blockade. This is due to the corner effect that confines electrons

on to quantum dots at the top most corners of the transistor, as previously demonstrated.1

In this voltage regime, the dots are well coupled to the source and drain allowing direct

transport measurements to be taken.

A red square, superimposed on Fig. S2, indicates the region were the reflectometry mea-

surements on the main text were taken. In this region, no direct transport through the

transistor occurs as the dots are weakly coupled to the source and drain reservoir. This

indicates that both dots are well centered in the channel along the transport direction and

are not likely to be dopants diffused from the source and drain reservoir. However, the

measurements in Fig. 1d of the main text reveal that reflectometry is a valuable tool for

detecting charge motion where direct transport is not possible.
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Fig. S 2: DC transport measurements. Source-drain current as a function of gate voltage
and back-gate voltage at VSD = 1 mV. The red square indicates the region where we perform
reflectometry measurements in the main text.
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Calibration of the microwave amplitude

We calibrated the microwave amplitude Amw delivered to the double quantum dot using the

following procedure. Initially, we calibrated the gate voltage axis VG to energy detuning

ε. In the LZS regime, interference fringes, as seen in Fig. 2b in the main text, appear at

equidistant values of gate voltage given by the equation ∆VG = hfmw/eα which provides a

direct measurement of the gate coupling α=0.25. Afterwards, we used the condition Amw = ε,

which delimits the voltage region in which LZS interference is observable, to calibrate the

microwave generator output Vmw to microwave amplitude Amw = κVmw. Here κ contains

the attenuation of microwave line (including a total of -26 dB attenuators), PCB microwave

stripline, sample’s metallic pad and silicon channel. In Fig. S3, we plot the value of κ for

several microwave frequencies. The frequency dependent attenuation of the line is well fitted

by a 1/fmw dependence, apart from the 34 GHz point which present a higher transmission.

Hence we selected this frequency to perform most of the measurements in the main text.
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Fig. S 3: MW calibration. Microwave calibration factor κ as a function of frequency (black
dots) and 1/fmw fit (red solid line). The point at 34 GHz is not used for the fit.

Additionally, we performed measurements of the transmission of the microwave line at

room temperature and obtained a total attenuation of -47 dB at 20 GHz, including -26 dB
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attenuators and the on PCB launch stripline. These results allow us to estimate a ≈-9.5 dB

attenuation of the sample’s source metallic pad and silicon channel.

Excited-state occupation probability

In this section, we present the calculated average excited state occupation probability P1 used

to calculate the resonator phase shift on the right panel of Fig. 3a in the main text. For the

calculations we applied the formula from equation (7) in the main text using T2=T1=100 ps,

fmw=34 GHz and ∆c= 98 µeV as input parameters. In Fig. S4, we observe that the visibil-

ity in the qubit excited state probability is 60% since the average probability P1 peaks at

approximately 0.3.

Fig. S 4: Excited state occupation probability P1 as a function of reduced detuning ε0/∆
and reduced microwave amplitude A/∆. Here ∆=98 µeV.
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