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Solid-state batteries (SSB) are governed by complex solid–solid interfacial processes1, which remain difficult to probe separately. To obtain electrode-specific kinetics and degradation information, three-electrode (3E) configurations are therefore essential, as they separate the contributions of the working electrode (WE) and counter electrode (CE)2, allowing their potentials and impedance responses to be evaluated individually3. The reliability of such measurements, however, depends critically on the performance of the reference electrode (RE)4. Existing studies primarily evaluate RE performance through potential stability, while implicitly assuming that the inserted RE behaves as a passive probe that does not significantly perturb the electrochemical system. Whether these criteria alone are sufficient to ensure reliable electrode-resolved measurements remains largely unexplored.

To facilitate robust RE application in SSB, a validation framework is required. Here, we systematically investigated the alloy-based REs (Li-In and Li-Au) with different geometries and compositions in sulfide-based SSB. Asymmetric 3E configurations were employed to independently validate the separated half-cell responses, while long-term cycling combined with periodic impedance measurements was used to assess the evolution of RE reliability over time.

Our results reveal that potential stability and impedance fidelity represent distinct criteria for evaluating RE reliability. Stable RE potentials do not necessarily guarantee reliable electrode-resolved impedance measurements, highlighting that these two aspects of measurement performance can diverge during cell cycling. While RE operational lifetime depends on both alloy chemistry and geometry, impedance fidelity is influenced by RE configuration and its evolution during cycling. Importantly, we demonstrate that the commonly used additive impedance validation criterion ()5 is insufficient to verify impedance fidelity. Agreement between measured and reconstructed impedance spectra demonstrates internal signal consistency, but does not necessarily guarantee reliable electrode separation. Alternative approaches for impedance validation are therefore required.

These findings suggest that no universally ideal RE exists, rather, RE suitability depends on the specific measurement objective. This work highlights the importance of time-resolved and application-oriented validation strategies and provides practical considerations for the design and validation of three-electrode measurements in complex and dynamically evolving battery systems.
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