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            Abstract
There is still no universally accepted theory of high-temperature superconductivity. Most models assume that doping creates â€˜holesâ€™ in the valence band of an insulating, antiferromagnetic â€˜parentâ€™ compound, and that antiferromagnetism and high-temperature superconductivity are intimately related1,2,3,4,5,6,7,8. If their respective energies are nearly equal, strong antiferromagnetic fluctuations (temporally and spatially restricted antiferromagnetic domains) would be expected in the superconductive phase, and superconducting fluctuations would be expected in the antiferromagnetic phase7; the two states should â€˜mixâ€™ over an extended length scale8. Here we report that one-unit-cell-thick antiferromagnetic La2CuO4 barrier layers remain highly insulating and completely block a supercurrent; the characteristic decay length is 1â€‰Ã…, indicating that the two phases do not mix. We likewise found that isolated one-unit-cell-thick layers of La1.85Sr0.15CuO4 remain superconducting. The latter further implies that, on doping, new electronic states are created near the middle of the bandgap. These two findings are in conflict with most proposed models, with a few notable exceptions that include postulated spinâ€“charge separation2.
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                    Figure 1: The structure of the SIS â€˜sandwichâ€™ junctions studied here.[image: ]


Figure 2: Transport in SIS junctions.[image: ]


Figure 3: A â€˜reverseâ€™ experiment showing that 1UC-thick layers of LSCO remain superconducting. A superlattice film was synthesized by alternating 2UC-thick layers of insulating LCO and 1UC-thick layers of LSCO, as illustrated schematically in the inset; the actual film has 20 super-periods, and its total thickness is 79â€‰nm.[image: ]
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