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Thesis overview

Constraints

1
Initial approach

New modes of
operation for QDs

Industrial development
opportunities

New approach



Previous structure:
Multi-layers with global accumulation
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BQ-reservoir tunnel barrier control methods

Local accumulation gates devices

B
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Objectives:

• Verify respect of minimal performance
criterias for qubits;

• Demonstrate possible advantages of the split
accumulation gate structure;

• Study particularities of the structure and
develop new tools and models.



Structure of the talk

1. Elementary notions of quantum dots

2. Split accumulation gate devices

3. Single-electron regime and confinement

4. Control of the tunnel rate with the split accumulation gate structure

5. Role of the reservoir charge density in the split accumulation gate structure

operation

6. Scaling: industrial approach

7. Conclusion



Split accumulation gate devices
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Split accumulation gate structure
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Devices
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Single electron regime and confinement



a) QCAD structure, A1 device
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Single electron regime

a) A2 device stability diagram
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Single electron regime
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Single electron regime
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Valley splitting control
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Tunnel rate control
in the split accumulation gate structure
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Tunnel rate measurement
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Tunnel rate measurements
Method 1:

Real-time single shot statistics

a) Mean occupation vs VLL, VAR=4.35 V b)
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Tunnel rate measurement
Method 2:

Single-frequency pulse spectroscopy
b) 3 x103 c) 
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Tunnel rate control using the
reservoir accumulation gate
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Tunnel rate control with the
reservoir accumulation gate
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3 performance criterias

Device:

QD diamenter

Valley splitting

Tunnel rate

A1

/3 = 0.9 ± 0.3
dec/meV

48-77 nm 35-60 nm

/3 = [5, 11]
peVm/MV

Litterature

20-58 nm
[1,2,3,4,5]

= 5.12
peVm/MV [6]

/3 = [1.0, 2.4]
dec/meV [1]

[i]: D. M. Zajac et al., APL 106, 223507 (2015)
[2]: S. J. Angus et al., Nano Letters 7, 2051-5 (2007)

[3]: M. Veldhorst et al., Nat. Nano., 1-5 (2014)

[4 C. H. Yang et al., Nat. Electronics 2, 151 (2019)
[5]: M. Veldhorst et al., Nature, 1-5 (2015)
[6]: C. H. Yang et al., Nat. Comm., 3069, 2013



Role of the reservoir charge density
in split accumulation gate structure

operation



A model for the charge
transition curvature

9.8

a)
1-51 9.6
a)

'oc/ 9.4

4a'
;-I 9.2

U 0

SET2 oscillations for a reservoir accumulation gate

x 10
-8

x10-8
9.8

9.6

u 9.4

9.2
0.5 0.6 0.7 0.8 0.9

VAR2 (V)

9.7
<4 9.6
u 9.5

9.3

x10-8

On"
. . 

-0.9 -0.8 -0.7 -0.6

VLR (V)

1 2 3 4 5
VAR2 (V)

Linear increase of

oscillation period:

P >SET OVAR P >SET-)

Gate-island capacitance vs voltage:

1

A R

b)

0.9

0.8

•-.17, 0.7

0.6

wcp- 0.5

0.4
cp_
O 0.3

0.2

0.1

0

Peak-to-peak spacing vs

?; 0.022

co 0.02

(1) 0.018

a., 0.016

-1

028

-0.8 -0.6
V
LR 
(V)

160

VAR

313

0 1 2 3 4
V
AR 
(V)

5

CAR-+SET



=it

c)

Application to data
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Role of the reservoir charge density

x1018
Electronic density at the SUSiO2 interface vs VAR, QCAD simulations
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Scale-up of the split accumulation gate structure



•
Scalina-up: double quantum dot
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Dimensions vs inter-QD coupling: comparison

a) A1 device
AR1 AR2

d = 130 nm AD1 AD2

c) D. Zajac et al. 2018
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0.08 µeV
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Conclusion



Main results of the thesis

1. Single-electron regime reached

2. Valley splitting control

3. Tunnel rate control

1. Demonstration of an alternative control method with the reservoir accumulation gate

2. Definition of a performance criterion allowing comparison between different geometries->

Control orthogonality

3. Development of a tunnel rate extraction method using sinle-frequency pulse spectroscopy

4. Development of a model for the charge transition curvature

5. Presentation of a preliminary study on commercial devices based on the split accumulation gate

structure

Favorable comparison
of those 3 criterias
with litterature

results
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Main impact of the thesis

1. Demonstration of the possibility of realization of performant quantum dots with a single gate layer

2. Description of a parameter for performance comparison between different architectures

3. Description of an alternative tunnel rate control method with the reservoir accumulation gate

4. Modelization of the charge transition curvature phenomenon, useful for simulations and machine

learning algorithm training for automatic quantum dot initialization

5. Demonstration of the split accumulation gate structure potential for industrial realization of

quantum dot processors



Sandia National Labs

G. A. Ten Eyck
J. Dominguez
R. P. Manginell
T. Pluym
J. K. Gamble
M. P. Lilly
C. Bureau-Oxton

Thank you

Project supervision Data and analysis
nth Sandia

M. Pioro-Ladriere E usTirfiT IDE OOKE M. Rudolph L National
Laboratories

M. S. Carroll 7 Sandia *
National 

M. J. C u rry aiiik THE UNIVERSITYof
II Laboratories Anne-Marie Roy 

NEW MEXICO

UNIVERSITE DE

SHERBROOKE

Sandia
National
Laboratories

slit cc'?• •
Center for Compufing Recearch

Université de Sherbrooke:

Michael Lacerte
Christian Sarra-Bournet
David Roy-Guay
Julien Camirand Lemyre
Dany Lachance-Quirion

UNIVERSITÉ DE UNIVERSITE DE

SHERBROOKE SHERBROOKE

* Sandia National Laboratories is a multimission laboratory managed and operated by National Technology &
Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell international lnc., for the U.S.
Department of Energy's National Nuclear Security Administration under contract DE-NA0003525.


