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S1. Charge-sensing measurement circuit and principle
Fig.S1 shows the schematic of the wiring used for our charge-sensor

measurements. The measurement method we used is called modulation measurement.

We apply a DC bias Vbias to the drain of the CS-QD (the lower-left QD in the device)

using an isolated voltage source in combination with a voltage divider. The source of
the CS-QD is connected to the lock-in amplifier measurement input. The lock-in’s

excitation output is routed through a summer to the measured QD’s gate g3, so that a

small AC excitation s superimposed on the gate bias U93. The lock-in

amplifier selectively detects and amplifies signals at the reference frequency .


mailto:haiouli@ustc.edu.cn

Fig.S1 Schematic diagram of charge sensor measurement circuit.
In the measurement the CS-QD is tuned to a Coulomb peak. When the charge on

the measured QD changes, capacitive coupling shifts the CS-QD Coulomb peak and

produces a step in the transport current I SD, Thus, the charge change in the measured
QD can be detected by the differential response of Isp with respect to the measured QD
gate. In our case we measure the differential signal dlsp/ dU93.

Formally, Isp can be written as a function of the instantaneous gate voltage:

g3 (S1)
The AC current component at frequency o therefore has amplitude

x|/
w dUg3 ac

(52)
The lock-in detects this AC component at ®, from the measured signal the

dISD/dUg3

differential conductance can be obtained, and thereby enables

charge-sensing measurement of QD.
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S2. Simulation model of the triple quantum dot phase diagram

Fig.S2 Schematic diagram of the equivalent capacitance model of the TQD System.
Our TQD simulations are based on the classical model used in Ref. 44. Fig.S2
shows the equivalent capacitance model of the TQD system. The charges on the dots

and gates can be expressed in matrix form as
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Where 90 = [Q.Qu.Qr] , Q= [Q51:Q52Q43]" are the charge vectors on the QDs and gates,

g (S3)

99

Np= [NL'NM'NR]T b

respectively. The QD charges satisfy Qp=eNp, eing the electron

= UL,UM,UR]T’ u,=[U

number vector on each QD. Up=| Ugz

T
aUg2Ugs] are the voltage vectors

Cpp C C

of the QDs and gates. Dg, and ~ 99 denote the capacitance matrices between QDs,

between QDs and gates, and between gates, respectively. Since the electrostatic
potential of the gates is determined by externally applied voltages and is independent
of the gate—gate capacitance, ng only affects the energy zero point and can therefore

be set to zero.

The free energy of the system is given by

1 U
F=U-V= E[QDT Q'] [Uz] -Ug'Q
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Where,

Q" =eNy + CxgiUgr + CxgaUga + CxgalUya

Ey= K(CYCZ - CYZZ)

Exyy=K (CZCXY + CXZCYZ)

K= ez/(CLCMCR - 2CLMCLRCMR - CRCLM - CMCLR - CLCMR)

X,Y,Z represent cyclic permutations of the QDs LM R, EL, Ey , and ERare the charging

E

energies of the three QDs, while ELM, MR and ELRare the electrostatic coupling

energies between the QDs. These parameters can be extracted by fitting the charge

stability diagrams and the anticrossings of the energy levels. The QD—gate capacitance

matrix CDgcan be approximately obtained from the charge stability diagram by the gate

voltage change required to add one electron to a QD, i.e., Cpg =e/AU

9. After extracting
the parameters related to the left and right QDs from the phase diagram, the parameters

associated with the middle QD can be obtained by converting the ratios of charge

addition line shifts under different UgZ. This procedure yields Egs. (2)—(4) in the main

text.
Once these parameters are determined, the free energy Fdepends only on the

u,.u_uU

(NuNuNR)and the gate voltages “g1” 92" g¢3. By numerically

charge configuration

minimizing the free energy F, the ground-state stability diagram of the TQD system

can be obtained.
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