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To satisfy the growing demand for high-energy-density lithium-ion systems, nickel-rich layered oxides have attracted substantial interest due to their high reversible capacities and reduced reliance on cobalt. However, operating these materials beyond standard cut-off voltages introduces severe performance and stability challenges. For instance, exceeding upper limits of 4.3 V for NMC 622 and 4.1 V vs. Li/Li+ for NMC 811 triggers structural degradation, phase transitions, lattice oxygen evolution, and irreversible transition-metal redox shifts 1. Critically, this degradation is driven not only by the operational voltage thresholds but also by the specific charging methodology employed. Constant-current protocols exhibit distinct degradation behaviors compared to combined constant-current constant-voltage configurations, yet the fundamental mechanisms behind these variations remain poorly understood 2. Investigating these phenomena requires real-time monitoring during electrochemical cycling rather than relying solely on 
post-mortem evaluations, making in-situ and operando diagnostics essential. 
Here, in-situ X-ray diffraction (XRD) is utilized to map global structural transitions by tracking lattice parameter dynamics and phase fractions during lithium (de)intercalation 3. This diagnostic approach provides direct insights into the bulk degradation pathways, linking electrochemical parameters directly to structural responses. This study evaluates NMC 622 and NMC 811 across widened voltage windows under different charging protocols, to clarify phase dynamics and lattice instabilities during cycling. Financial support for this research was provided by the National Science Center, Poland, through the Sonata BIS 11 program (Grant No. UMO-2021/42/E/ST5/00390). This work was also conducted in part at the University of St Andrews, alongside the JTSI research group.
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