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The Pauli blockade effect in coupled double quantum dots is the foundation of successful 
characterization and manipulation of spin qubits [1,2]. Pauli spin blockade is well established 
for systems where the single-dot two-particle ground state is a spin-singlet [1,2,3]. In our 
bilayer graphene quantum dots, however, the additional valley degree of freedom provides 
us with a spin-triplet-valley-singlet single-dot two-particle ground state [4,5,6], altering the 
canonical picture where Pauli spin blockade shows up at alternating even-odd triple-points, 
to one that is more complex with a four-by-four grid [7]. With good understanding and 
control [3,4,5] of our few-carrier spin and valley states by gate voltages and magnetic field, 
we study at different magnetic fields the type of Pauli blockade (valley, spin, or mixed) at 
electron numbers between zero and four, and the relevant blocked transitions involved. At 
triple points where we observe Pauli spin blockade at zero magnetic field, we study the 
dependence of spin blockade leakage current on magnetic field. We gain insight into spin-
mixing mechanisms which lift the spin-blockade, in particular into hyperfine interaction and 
spin-orbit interaction effects in bilayer graphene quantum dots [7].  
 
References 
 
[1] K. Ono, D. Austing, Y. Tokura, and S. Tarucha, Science, 297 (2002) 1313–1317.  
[2] J. R. Petta, A. C. Johnson, J. M. Taylor, E. A.Laird, A. Yacoby, M. D. Lukin, C. M. 
Marcus, M. P. Hanson, and A. C. Gossard, Science, 309 (2005) 2180–2184. 
[3] A. C. Johnson, J. R. Petta, C. M. Marcus, M. P. Hanson, and A. C. Gossard, Phys. Rev. 
B, 72 (2005) 165308.  
[4] A. Kurzmann, M. Eich, H. Overweg, M. Mangold, F. Herman, P. Rickhaus, R. Pisoni, Y. 
Lee, R. Garreis, C. Tong, K. Watanabe, T. Taniguchi, K. Ensslin, and T. Ihn, Phys. Rev. Lett., 123 
(2019) 026803. 
[5] C. Tong, R. Garreis, A. Knothe, M. Eich, A. Sacchi, K. Watanabe, T. Taniguchi, V. 
Fal’ko, T. Ihn, K. Ensslin, A. Kurzmann, Nano Lett., 21 (2021) 1068–1073. 
[6] C. Tong, A. Kurzmann, R. Garreis, W. W. Huang, S. Jele, M. Eich, L. Ginzburg, C. 
Mittag, K. Watanabe, T. Taniguchi, K. Ensslin, and T. Ihn, Phys. Rev. Lett. 128, (2022) 067702. 
[7] C. Tong, et al. In preparation (2022). 
 
Figures 
 

Figure 1: (a) Schematic charge-
stability diagram for bilayer 
graphene double quantum dots at 
zero magnetic field, where blue 
and red crosses at triple points label 
valley and spin blocked transitions. 
(b, and c) Finite-bias triangles at 
zero magnetic field with (i) positive, 
and (ii) negative source–drain bias 
VSD, around triple points with carrier 
occupancy (b): (0,2)↔(1,1) 
showing valley blockade, and (c): 
(0,3)↔(1,2) showing spin blockade.  
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