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Quantum dot-based spin qubits have seen 
rapid developments in device complexity, 
with qubit scaling remaining a key priority. 
Approaches towards scaling up spin qubits 
are primarily based on one- or two-
dimensional planar arrays. In the case of 
Ge/SiGe gate-defined quantum dots, by 
introducing an additional quantum well, 
vertically coupled quantum dots can be 
formed [1]. 
 
In recent years, robust control over the 
charge degree of freedom of multi-layer 
Ge/SiGe heterostructures has been 
demonstrated, enabling the realization of 
three-dimensional quantum dot arrays [2]. 
Building on these results, we here 
demonstrate an automated protocol for 
analyzing charge stability diagrams (CSDs) 
for bilayer devices [3]. By combining ML, 
object detection, we can identify different 
types of transition with otherwise similar 
features. 
 
This advancement allows us to report the first 
demonstration of initialization and readout 
of a vertical 2-by-2 array. By means of intra-
layer (horizontal) and inter-layer (vertical) 
spin shuttling, we fully characterize the 
single-qubit operation fidelities (>99%) and 
g-tensor anisotropy (Figure 2). We find that 
vertically stacked QDs exhibit significantly 
different out-of-plane g-factors, which range 
from 6 in the upper layer to 10 in the lower 
layer. 
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Figure 1: (a) Double-well schematic showing the 
position of the QDs in the heterostructure.  (b) 
Charge stability diagram (CSD) showing control 
of the vertically stacked QDs. 

  
Figure 2:   (a–j) g-factors of each QD in the 
vertical 2×2 array as a function of in-plane and 
out-of-plane field directions with the 
corresponding fitting table.  


