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Analog quantum simulation provides a powerful tool to investigate quantum man-body physics, especially in cases where traditional computational methods fall short. Silicon quantum dot systems play a particularly intriguing role in this field. They confine electrons or holes in a series of sites with electrostatically controlled gates, operating on the order of nanoseconds. The chemical potentials of these sites and the tunnel couplings between them can be tuned flexibly in a wide range. Especially, inter-particle interactions and spin interactions as well as their interplay at low temperature are sufficiently strong to be observed, which is generally difficult to manifest in other quantum simulators.
Here we present a highly controllable 22 quantum dot plaquette fabricated on an undoped Si/SiGe heterostructure. We demonstrate that all four dots can be depleted to the single-electron occupancy, and the four pairs of nearest-neighbor tunnel coupling, denoted as , can be independently tuned over a broad range. Besides, the next-nearest-neighbor tunnel couplings between (anti-)diagonal dots, denoted as , can be tuned from close to zero to a relatively large value. As a result, the anisotropy ratio  of the system can attain a maximum above 4, which indicates the geometry can be continuously transformed from a square lattice for 0 into an isotropic triangular lattice at 1. Since electrons in quantum dots are able to reach the strongly correlated regime even at extremely low temperatures, our device has offered a promising simulation platform to get an insight into the quantum magnetic phase transition such as frustration[1] and Nagaoka ferromagnetism[2]. 
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