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1. MOTIVATION 3. CHARGE TRANSITION DETECTION
« Semiconductor guantum dot qubits are controlled via gate voltages Investigated Approaches
* Plunger gates (P1 - P4 in Fig. 1) control the dot potentials - Classical (gradient-based, phase-congruency-based, and mixed)

*Barrier gates (B1 - B5 in Fig. 1) control the tunnel barriers » Machine learning (convolution-, transformer-, state-space-model-,

* Tuning large numbers of qubits requires automation and diffusion-based)

« Correct number of charges must be trapped in each quantum dot CSD Data

* Number of charges is derived from charge transitions in charge stability

diagrams (CSDs), in this case measured using a sensor dot  Training: 1,000,000 simulated CSDs (geometrical SIMCATS model [2])

- Validation: simulated + experimental CSDs [4]
- Automatic detection of charge transitions enables tuning automation

—> Goals: good generalization and low complexity, to enable a cryogenic Key Observations

hardware implementation * Algorithms trained on simulated data can generalize to experimental data
. * U-Net like architectures performed best
* Diffusion-based approaches too complex for hardware implementation
» Convolution based architectures are sufficient
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* Tiny versions (e.g. UNet-38k) show competitive results

|
@
£~
(i

P2 [V]

-0.030

|
o
S
N
Sensor signal [a.u.]

CSD Ground Truth Swin-Unet VM-UNet UNet-38k PhCon-GCanny

-0.43

! 051 (cap) .
1 P P i S
-0.020
ORF2
) —BR—

-0.040 { .54

Simulated

P ﬁ% P ~0.45 Swin-Unet Transformer 0.935
B3
-0.050 — : S e T o
0040 0030 it 0010 0:000 s VM-Unet State-space 0.935
t 4
l U-Net Convolution 0.931
Fig. 1. Example of the gate layout of a Fig. 2. Example of a CSD for a well .
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Fig. 5: Charge transition detection on simulated and Tab. 1. Surface-DICE (SDICE)
experimental (GaAs & SiGe) evaluation datasets. of categories’ best approach
(experimental GaAs dataset).
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Fig. 3: Examples of measured CSDs with typical distortions. CSDs may feature only weak
structures or are affected by strong white noise, random telegraph noise (RTN), and pink 4 OUTL OOK
noise.

 Tiny convolution-based approaches are exciting
candidates for cryogenic hardware implementation

[5]

2. SIMULATION FRAMEWORK SIMCATS

 Further complexity reduction & improvement of robustness

Model Data

« Reduced data representation (quantization) nterprelaion  Preparation
« Simulation of CSDs for Automated Tuning Solutions [2] (Python pack. [3]) . Automated Machine Learning (AutoML) p, ¢
» General, flexible simulation framework with interfaces for » Hyperparameter Optimization (HPQO) jd,‘ e
e Idealistic CSD simulation * Neural Architecture Search (NAS)
* Sensor reaction simulation * Introduction of verification strategies
» simulation of distortions affecting idealistic CSD data, corresponding sensor & explainable Al (XAl)

Generation

potential, and sensor response

Semiconductor Qubit Autotuning SW

 Extendable automatization framework

Sample Charaterization Device Checking / Maintainer

* Includes st.andard |mplementat|ohs and correspondlng comflgura_tlons | . Sensor tuning
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» Quantum dot coarse & fine tuning
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Fig. 4: Left figure: Structural representation of CSDs used for the geometrical simulation,
based on total charge transitions (TCTs). Right figure: Sequential data simulation in the
voltage space. Figures taken from [2].
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