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Superconducting qubits with intrinsic noise 

protection offer a promising approach to 

improve the coherence of quantum infor-

mation. Crucial to such protected qubits is 

the encoding of the logical quantum states 

into wavefunctions with disjoint support. 

Such encoding can be achieved by a Jo-

sephson element with an unusual charge-

4e supercurrent emerging from the coher-

ent transfer of pairs of Cooper-pairs. We 

demonstrate the controlled conversion of a 

conventional charge-2e dominated super-

current to a charge-4e dominated one in a 

superconducting quantum interference 

device (SQUID) consisting of gate-tuneable 

planar Josephson junctions realized in a 

InAs two-dimensional electron gas proxim-

itized by a nearby superconducting Al film 

evaporated in-situ. We investigate the ac 

Josephson effect of the SQUID and meas-

ure a dominant photon emission at twice 

the fundamental Josephson frequency to-

gether with a doubling of the number of 

Shapiro steps, both consistent with the ap-

pearance of charge-4e supercurrent [1]. 

Our results present a step towards protect-

ed superconducting qubits based on su-

perconductor-semiconductor hybrid mate-

rials. 

 

Using the same material system, we also 

demonstrate that by tuning the higher 

harmonics of Josephson junctions allows to 

engineer the superconducting diode effect 

[2]. The Josephson Diode (JD) is a non-

reciprocal circuit element that supports a 

larger critical current in one direction than 

in the other. This effect has been gaining a 

growing interest because of promising ap-

plications in superconducting electronic 

circuits with low power consumption. The 

effect can only appear if time-reversal 

symmetry and inversion symmetry is broken 

together. In a DC-SQUID geometry the for-

mer is achieved by applying a phase bias 

induced by the flux in the loop and the lat-

ter by tuning the two junctions in an asym-

metric regime. While in earlier work the 

asymmetry was created through asymmet-

ric loop inductances, this is realized here by 

tuning the transparency of the two Joseph-

son junctions asymmetrically.  
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