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Fig. 1. Capacitive network.
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Fig. 2. Equivalent circuits of STQD.
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1 1
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Na Ng Ne
1
+ 55 QT (BacQN + EpcQF + EcQE)+ Y. Ean+ >, Epnt+ Y, Eom, (19)

2e2
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effE effE effE E
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e e e 2
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[ 3, 15 B AT C 1R 9
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:LLB( Ay iVB <~ INp, C) e e e 9 + Ng> (3)
effE effE effE E,

/~LC(NAJVBJVC—1HNC)Z—QC6 < _ QAGAC - QBeBC —7C+ENC- (24)

£ STQD th, AN Eac < Eap, Epc. R (22) 20—(24) 2, w8 AT AR B =4 2 9 oy Al 2 34
e R TR R S AL L.
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(charge reconfiguration line) 2027,
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H (Na, N, No) RFR BT 5 ABA Na A
¥, BT BAA Ng M T, 1 5 CAA No
HL 5 (Na, Np, No Y0 TERH). TEARAE SR T h%
FHHMT, BATHFT I (Na, N, No), (Na+

1,Ng,N¢), (Na,Np+1,N¢), (Na,Np,N¢c +1),
(Na+1,Ng+1,N¢), (Na+1,Ng,Nc+1), (Na,
Np+1,Nc +1), (Nas+1,Ng+1,Nc + 1) X\
AR Z 18] B AH B AR O, R AT DL R A
STQD () —4efa .

Wl 3 Frs AR STQD( A & F AT HL
BZHE CmT RN AESEHR) ) 4RSS
. A ISR S TR T BRI AR,
DURM R AL AR — e, FRATIE TLRED Exn
HEE 0 meV, 755 L faf X R A L T80 Nxo N
FEAH 0. BUEAL b i e IR X F B, A% R
REZR R B, WA i HA TERE & (] O R fihife A E 22
P % 2RI 5 000 120, R A A, T AR A
RS A TR AR S T AR AT B
S s s LA AR M 1 i 235 2R 201 LAAS [m] 73
(RN e I A NEI UL 7B S ar S NP i )
T =41

1) £k i EAMBEL N —A, B4
XTRE T TR A BFIC I FEHLE.

2) EEL . ROALMGEL N —H, BN
XN T TR AMB . & F A BHAC L KE
TR AN C Z ) 1 L faf AT 2R

0.16

*****

0.14 F

T~
\ \
012}
AN R
0.08 | =
0.06 |

VoV

0.04 -\\é\\
0.02 \\

0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
v,/

K3 fEf R T AME V= 0.0106 V5 STQD i —
YRR, Hhaask  EaLmBaLsRRET&F
MA, B, CIHFHLL,; BEL | EOLL LG OL5HE
THEAER T AM B BT 8 B CLLELE T8 A
CZ 8] B LA T A0 A1 25 IR (AR T STQD s a4 1%
Fig. 3. Low source-drain bias charge stability diagram of
STQD at Vs = 0.0106 V. Red-, blue- and black-colored
lines represent the charging line of quantum dot A, B and
C, respectively; Yellow-, purple- and green-colored lines rep-
resent charge reconfiguration lines between quantum dots A
and B, B and C, and A and C, respectively; Gray-colored
line represents a unique transport process of STQD.
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F14) S 5 L i A 25 P Y BRI X Iz () R O 201

3) REALRE T HTHANEFIHEA (BERHE)
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Fig. 4. The first type of triple points. Region I refers to (N, Ng + 1, N¢) charge state: (a) Zoom-in of the purple box in Fig. 3 at

V3 = 0.0106V .The green-colored arrow indicates the alignment between electrochemical potential of dot A and dot C. The purple-

colored arrow indicates the alignment between electrochemical potential of dot B and dot C. The yellow-colored arrow indicates the

alignment between electrochemical potential of dot A and dot B. Solid dots correspond to electron transport, and open dots corres-

pond to hole transport; (b) the alignment of electrochemical potential of green-colored solid dot in Figure (a). QDA, QDB and QDC

refer to quantum dot A, B and C, respectively; (c) the alignment of electrochemical potential of green-colored open dot in Figure
(a). QDA, QDB and QDC refer to quantum dot A, B and C, respectively.
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Fig. 5. The second type of triple points. Region I refers to (Na, Ng + 1, N¢) charge state and region II refers to (N4 + 1, Ng,
N¢ + 1) charge state: (a) Zoom-in of the blue-colored box in Fig. 3 at Vg = 0.0106 V .The two arrows indicate triple points of hole
transport; (b) at Vg = 0.0078 V. The two arrows indicate triple points of electron transport. Vgof (b) is smaller than that of Fig-
ure (a); (c) the alignment of electrochemical potential indicated by the blue-colored open dot in Figure (a). QDA, QDB and QDC
refer to quantum dot A, B and C, respectively; (d) the alignment of electrochemical potential indicated by the blue-colored solid dot
in Figure (b). QDA, QDB and QDC refer to quantum dot A, B and C, respectively.
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Fig. 6. The third type of triple points. Region I refers to (N4, Np + 1, N¢) charge state and region II refers to (N4 + 1, Npg,
N¢ + 1) charge state; (a) Zoom-in of the red-colored box in Fig. 3 at Vg = 0.0106 V .The arrow indicates a triple point of elec-
tron transport; (b) if (Na,Np,N¢) = (1,1,1), then Vg = 0.0167 V. The arrow indicates a triple point of hole transport. Vg of
Figure (b) is larger than that of Figure (a); (c) the alignment of electrochemical potential indicated by the red-colored solid dot in
Figure (a). QDA, QDB and QDC refer to quantum dot A, B and C, respectively; (d) the alignment of electrochemical potential in-

dicated by the red-colored open dot in Figure (b). QDA, QDB and QDC refer to quantum dot A, B and C, respectively.
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Fig. 7. The first type of quadruple points. Region I refers to (N4, Ng + 1, N¢) charge state and region II refers to (N4 + 1, Np,

N¢ + 1) charge state: (a) Charge stability diagram at V3 = 0.0109 V. The arrow indicates a quadruple point of electron transport;

(b) at Vg = 0.0166 V.The arrow indicates a quadruple point of hole transport. Vgof Figure (b) is larger than that of Figure (a);
(c) the alignment of electrochemical potential indicated by the brown-colored solid dot in Figure (a). QDA, QDB and QDC refer to
quantum dot A, B and C, respectively; (d) the alignment of electrochemical potential indicated by the brown-colored open dot in
Figure (b).QDA, QDB and QDC refer to quantum dot A, B and C, respectively.
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Fig. 8. The second type of quadruple points: (a) Charge stability diagram at Vg = 0.0138V . Region I refers to (N4, Np + 1, N¢)
charge state and region II refers to (N4 + 1, Ng,N¢c + 1) charge state.The arrows indicate the position of quadruple points;

(b) the alignment of electrochemical potential indicated by the orange-colored point in Figure (a). QDA, QDB and QDC refer to

quantum dot A, B and C, respectively.
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Fig. 9. The third type of quadruple points. Region I refers to (N4, Ng + 1, N¢) charge state and region II refers to (N4 + 1, Np,
N¢ + 1) charge state: (a) Charge stability diagram at Vg = 0.0102 V. The arrow indicates a quadruple point of electron transport;
(b) at V3 =0.0104 V. Vgof Figure (b) is a little bit larger than that of Figure (a); (c) at Vg = 0.0170 V. Vzof Figure (c) is a
little bit smaller than that of Figure (d); (d) at Vg = 0.0172 V. The arrow indicates a quadruple point of hole transport; (e) the
alignment of electrochemical potential indicated by the gray-colored solid dot in Figure (a). QDA, QDB and QDC refer to quantum
dot A, B and C, respectively; (e) the alignment of electrochemical potential indicated by the gray-colored open dot in Figure (d).
QDA, QDB and QDC refer to quantum dot A, B and C, respectively.
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Table Al.
duce the charge stability diagram shown in Fig.3 — Fig.9.

The capacitance parameters used to repro-

The quantity of each parameters is cited from Ref. [22].

28 B

Caa 5x 10718 F
Cas 5x 10718 F
Cag 2.5x 10718 F
Cay 1x 10718 F
CBa 2.5 x 10718 F
Cpp 5x 10718 F
Chy 2.5x 10718 F
Ccoa 1x 1018 F
Cep 2.5x 10718 F
Cey 5x 10718 F
Cop 5x 10718 F
CaB 5x 10718 F
Cac 2.5 x 10718 F
Crc 5x 10718 F
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Charge stability diagram of serial triple quantum dots
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Abstract

Serial triple quantum dot (STQD) systems have received extensive attention in the past decade, not only
because quantum dot scaling up is an indispensable ingredient for integrations, but also due to the fact that
specific charge states of STQD can be employed to achieve fast full-electrical manipulation of spin qubits. For
the latter, a comprehensive understanding of the relationship between neighboring charge occupancy states of
STQD is essential for three-electron exchange-only spin qubit-based quantum computations. Charge stability
diagram is usually employed to map out the charge occupation states about the plunger gate voltages of STQDs
and to study the degeneracy among charge occupation states. Experimentally, two- rather than three-
dimensional charge stability diagram was obtained in a lot of early studies by keeping one of plunger gates
unchanged to reduce complexity. The obtained two-dimensional diagram can only provide limited information
and is subject to blurred boundary of charge occupation states due to the low tunneling current and the energy
level broading effects. It is, therefore, challenge to searching for the working points where quantum
manipulation can be performed promptly and accurately.

In principle, three-dimensional charge occupation stability diagram can be efficiently constructed by
numerical simulations based on constant interaction (CI) model. In this study, we calculate the electrochemical
potential of STQD about three plunger gate voltages by using the CI model-based capacitance network to
reproduce any desired two-dimensional charge stability diagram. The simulated diagram not only well accords
with the diagrams obtained from the early experimental data of STQD, but also provides high clarity of the
charge state boundaries with tunable parameters. The systematical study of two-dimensional charge stability
diagram reviews the energy degeneracy triple and quadruple points of STQD charge occupation states and
concludes the energy degeneracy points in three types to compare with experimental data. For each of the
energy degeneracy points, we discuss both the electron and hole transport by using the electrochemical potential
alignment schematics. We reveal the common and unique triple points of STQD in comparison with those of
double quantum dot. The quadruple points of STQD are also addressed in the manipulation of quantum cellular
automata and quantum logical gate. The comprehensive understanding of these energy degeneracy points can
efficiently guide experiments to build an optimal working point of the STQD system for quantum computations

and simulations.
Keywords: serial triple quantum dots, two-dimensional stability diagram, constant interaction model
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